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PHENOXYMETHYL 2-CHLOROETHYL ETHERS! 


By MARSHALL KULKA 


ABSTRACT 


A series of phenoxymethyl] 2-chloroethyl ethers has been prepared for testing 
as possible insecticides. 


In this investigation a series of phenoxymethyl 2-chloroethyl ethers, 
ArOCH:OCHXCH,CI (I, X = H or CHs), was prepared for testing as possible 
insecticides by alkylating various phenols with 2-chloroethyl (1,2) and 
1-chloro-2-propyl (5) chloromethyl! ether. The toxic effects of these ethers (1) 
on insects is described by Musgrave and Kukovica (8). 

It is well known that the halogen atom linked a to the oxygen atom of 
chloroethers is more reactive than the 8-halogen (2). This considerable dif- 
ference in the halogen reactivities was also noted in the reactions between 
chloromethy! chloroethy! ether (II) and sodium phenoxides. 

When chloromethy] 2-chloroethyl ether (II) was treated with aqueous or 
alcoholic solutions of a sodium phenoxide at room temperature, only a mono- 
phenoxy derivative was formed and a higher reaction temperature was neces- 
sary in order to form the diphenoxy derivative, ArOCH,OCH2CH,OAr. In 
order to establish that the a-chlorine and not the 6-chlorine reacted under the 
milder conditions, the reaction product (III) of sodium p-chlorophenoxide 
and II was heated with sodium 2,4-dichlorophenoxide. The resulting product 
(1V) on mild acid hydrolysis yielded p-chlorophenol and 2,4-dichlorophen- 


cit Nona + CICH,OCH,CH,cl ———> ci€ _ocu,.0cn.cr.c 


Ill 


II 
Il + cx _Sona—— rar’ _Nocn.ocu,cix0 J Sa 
a ~ a= 


IV 


ts av Sou + at _Nocu.ci.on + CH,O 
~¢l 
y 


Manuscript received August 18, 1954. al, 
Contribution from the Dominion Rubber Company Limited Research Laboratories, Guelph, Ont. 
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oxyethanol (V) (4) and not 2,4-dichlorophenol and p-chlorophenoxyethanol, 
the products expected had the 8-chlorine of II] reacted before the a-chlorine. 
The wide difference in the degree of reactivity between the two chlorine atoms 
of II is further emphasized by the fact that II] remains unaltered after boiling 
with diethylamine in benzene solution for several hours and requires prolonged 
boiling with alcoholic potassium thiocyanate in order to form 2-thiocyanato- 
ethyl p-chlorophenoxymethy! ether. Phenoxymethy! 2-chloroethyl ether (I, 
Ar = C.Hs, X = H) is stable in aqueous alkali but resinifies explosively when 
warmed with a drop of concentrated hydrochloric acid. 


EXPERIMENTAL 
Preparation of 2-Chloroethyl Phenoxymethyl Ethers 
Method A 


To a stirred solution of sodium (1 mole) in absolute ethanol (1 liter) was 
added the phenol (1 mole) and then dropwise chloromethyl 2-chloroethyl 
ether (1 mole) (1, 2) over about one-half hour, the temperature being kept at 
20-25° by cooling. The reaction mixture was stirred for an additional two 
hours, the ethanol was distilled off 1m vacuo, and the residue treated with 
water. The product was extracted with benzene, washed with sodium hydroxide 
and with water. The solvent was then removed and the residue distilled. 

Method B 


To a stirred solution (or suspension) of sodium phenoxide (1 mole) in water 
(200 ml.) was added dropwise chloromethyl 2-chloroethy! ether (1 mole) in 
benzene (400 ml.) over about one-half hour, the temperature being kept at 
10° by cooling. After the solution had been stirred for an additional two hours 
the benzene layer was separated from the reaction mixture, washed with sodium 
hydroxide and with water. The solvent was removed and the residue distilled. 


TABLE I 


PHENOXYMETHYL 2-CHLOROETHYL ETHERS (ROCH;0CH;CH;:Cl) FRoM CHLOROMETHYL 
2-CHLOROETHYL ETHER AND THE APPROPRIATE PHENOL 




















ROCH,OCH;CH.Cl Analyses 
R = 
Method Calc. Found 
of % M.p. or ~ a 
prep. Yield b.p. Ny Formula c H © H 
Pheny! A 68_—bys= 123 1.5170 CoHy,0,Cl 57.91 5.94 58.05 6.01 
a-Naphthyl A 88 bi =200 1.5912 Ci3H:0.Cl 65.97 5.50 66.12 5.51 
p-t-Butylphenyl A 64 =bw=163 1.5072 CisH:,0,Cl 64.33 7.84 64.41 7.87 
p-Chlorophenyl 2 7 bie=150 1.5300 CyHi00:Cl 48.87 4.52 49.22 4.65 
64 
2,4-Dichloropheny! <A 50) bi: = 167 «1.5465 C,H,O,Cl; 42.27 3.52 42.62 3.58 
2,3,4,5,6-Penta- 
chlorophenyl A 60 = m.p.=90 CsH.O.Cle 30.08 1.67 30.30 2.11 
p-Nitrophenyl ° 28 =m.p.=70 CyHwNO.C] 46.65 4.32 46.89 4.50 
4 
© 90 
2-Methoxy-4- 
formylphenyl A 30) m.p.=59 CiH;,0.Cl 53.99 5.22 53.99 5.52 
2,4-Dinitropheny! Cc 6 m.p.=80 CyHyN20,Cl 39.06 3.26 39.32 3.08 











ao 
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Method C 


A reaction mixture of chloromethy! 2-chloroethy! ether (1 mole), dry benzene 
(350 ml.), and the dry sodium phenoxide (1 mole) was heated under reflux for 
four hours. Water was added to the cooled reaction mixture, the benzene layer 
was separated, washed with sodium hydroxide and with water. The solvent 
was removed and the residue distilled. 


p-Chlorophenoxymethyl 2-(2,4-Dichlorophenoxy)ethyl Ether (1 V) 

To a solution of sodium (5 gm.) in absolute ethanol (250 ml.) was added 
2,4-dichlorophenol (34 gm.) and 2-chloroethyl p-chlorophenoxymethy1! ether 
(45 gm.) and the resulting solution heated under reflux for 40 hr. About half 
of the ethanol was distilled off from the reaction mixture and the residue was 
treated with water and extracted with benzene. 

The benzene extract was washed with water and the solvent was removed. 
Fractional distillation of the residue yielded unchanged p-chlorophenoxy- 
methyl 2-chloroethy! ether (21 gm.) and a higher-boiling fraction, b.p. 
(0.2 mm.) = 170-172° (27 gm.). The latter was a viscous colorless liquid, 
n* = 1.5752. Anal. cale. for CysH303Cls: C, 51.81; H, 3.74. Found: C, 52.11; 
-H, 3.60. 
p-t-Butyl phenoxymethyl 2-p-t-Butyl phenoxyethyl Ether 

This was prepared in 70% yield as above from p-t-butylphenoxymethy! 
2-chloroethy! ether. It is a colorless viscous liquid, b.p. (12 mm.) = 245-250°, 
n?> = 1.5270. Anal. calc. for Cx3H3203: C, 77.54; H, 8.98. Found: C, 77.43; 
H, 9.06. 

Hydrolysis of p-Chlorophenoxymethyl 2-(2,4-Dichlorophenoxy)ethyl Ether (IV) 

A solution of p-chlorophenoxymethyl 2-(2,4-dichlorophenoxy )ethyl ether 
(15 gm.), water (150 ml.), ethanol (150 ml.), and concentrated hydrochloric 
acid (25 ml.) was heated under reflux for eight hours. Most of the ethanol was 
distilled and the cooled residue was extracted with ether. The ether was re- 
moved from the extract and the residue was fractionally distilled. Two main 
fractions were collected, fraction 1 boiling at 98-105° (12 mm.) (4 gm.) and 
fraction 2 boiling at 160-165° (12 mm.) (7 gm.). Fraction 1 solidified on 
cooling and melted at 35° alone or in admixture with p-chlorophenol. It de- 
pressed the melting point of 2,4-dichlorophenol. Fraction 2 after crystallization 
from benzene melted at 58-59° alone or in admixture with authentic 2,4- 
_dichlorophenoxvethanol (4). 

1 ,3-bis(2-Chloroethox ymethoxy) benzene 

This was prepared in 20% yield by method A using two moles of sodium 
and two moles of chloromethyl! 2-chloroethy! ether (11) per mole of resorcinol. 
It is a colorless liquid boiling at 150-154° (0.3 mm.), n?? = 1.5212. Anal. calc. 
for CpHyOsCl.: C, 48.83; H, 5.41. Found: C, 48.80; H, 5.39. 
1,4-bis(2-Chloroethoxymethox y)bensene 

This was prepared in 52% vield by method A as above from I] and hydro- 
quinone, b.p. (0.3 mm.) = 149° 150°, 22° = 1.5197. Anal. calc. for CH Osh: 
C, 48.83; H, 5.41. Found: C, 48.67; H, 5.31. 
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1 ,.4-bis(2-Chloroethox ymethoxy)-2,3,5,6-tetrachlorobenzene 

This was prepared in 12% vield by method A from tetrachlorohvdroquinone 
and I1. The white needles melted at 117-118° after crystallization from ethanol. 
Anal. calc. for Cy-H)-O,Cle: C, 33.26; H, 2.77. Found: C, 33.24; H, 2.82. 
1,2-bis( 2-Chloroethoxymethoxy) benzene 

This was prepared in 41% yield by method A from I] and catechol, b.p. 
(0.2 mm.) = 146-148°, 12° = 1.5222. Anal. cale. for CyHwOwCh: C, 48.83; 
H, 5.41. Found: C, 48.72: H, 5.18. 
1,2,3-tris(2-Chloroethoxymethoxy) benzene 

This was prepared in 15% yield by method A from II and pyrogallol, 
b.p. (0.2 mm.) = 212-215°. Anal. cale. for CisHaOceCls: C, 44.62; H, 5.25. 
Found: C, 44.91; H, 5.24. 
p-Chlorophenoxymethyl 2,N-Morpholinoethyl Ether 

A solution of p-chlorophenoxymethy! 2-chloroethy] ether (I1I) (16 gm.), 
morpholine (16 gm.), and toluene (100 ml.) was heated under reflux for 24 hr. 
The morpholine hydrochloride was filtered and the filtrate was extracted with 
dilute hydrochloric acid. The acid solution was basified with sodium hydroxide 
and extracted with benzene. Removal of the benzene and distillation of the 
residue yielded 14 gm. (or 68%) of a colorless liquid b.p. (12 mm.) = 196-198°, 
n2° = 1.5278. Anal. calc. for CisHigNO3CI: C, 57.45; H, 6.63. Found: C, 57.27; 
H, 6.54. 


p-Chlorophenoxymethyl 2-Dimethylaminoethyl Ether 

This was prepared as above from dimethylamine and p-chlorophenoxymethyl 
2-chloroethyl ether (111), the reaction being carried out in a sealed bomb at 
120-130°. It distilled as a colorless liquid boiling at 149-150° (12 mm.), 
a = 1.5100. Anal. calc. for CyJHigNOeCI: C, 57.51; H, 6.97. Found: C, 57.24; 
H, 6.93. The ethiodide melted at 106-107° after crystallization from ethyl 
acetate. Anal. calc. for Ci3H2NO2CII: C, 40.46; H, 5.45. Found: C, 40.41; 
H, 5.59. The butiodide melted at 86-87° after crvstallization from methanol. 
Anal. calc. for CysH2sNO2CII: C, 43.53; H, 6.04. Found: C, 43.55; H, 6.13. 
p-Chlorophenoxymethyl 2-Diethylaminoethyl Ether 

This was prepared as above from diethylamine and III. It distilled as a 
colorless liquid boiling at 165-167° (12 mm.), 12? = 1.5032. Anal. calc. for 
Cy3HepNO.CI: C, 60.57; H, 7.77. Found: C, 60.68; H, 7.82. 
p-Chlorophenoxymethyl 1-Chloro-2-propyl Ether 

This was prepared in 63% yield by method A from chloromethyl] 1-chloro- 
2-propy! ether (5) (CICH2OCH(CH3)CH.CI) and p-chlorophenol. It distilled 
as a colorless liquid boiling at 155-157° (13 mm.), 7?? = 1.5210. Anal. calc. for 
CioHl-O.Cl,: Cl, 30.2. Found: Cl, 30.5. 


p-Nitrophenoxymethyl 1-Chloro-2-propyl Ether 
This was prepared in 63% yield by method C from chloromethyl! 1-chloro- 
2-propyl ether and p-nitrophenol. It crystallized from methanol as white 
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prisms melting at 43-44°. Anal. calc. for CioHizNO,Cl: C, 48.88; H, 4.89. 
Found: C, 49.00; H, 4.84. 
pb-Nutrophenoxymethyl 2-Thiocyanatoethyl Ether 

A solution of p-nitrophenoxymethyl 2-chloroethyl ether (12 gm.) and 
potassium thiocyanate (6 gm.) in 95% ethanol (100 ml.) was heated under 
reflux for 24 hr. Most of the ethanol was distilled off and the residue treated 
with cold water. The white solid was filtered, washed, dried, and crystallized 
from benzene — petroleum ether. The white prisms melted at 58-59°. Anal. 
calc. for CiopHigN2O,S: C, 47.26; H, 3.94. Found: C, 46.88; H, 4.05. 


pb-Nitrophenoxymethyl 1-Thiocyanato-2-propyl Ether 

This was prepared as above from p-nitrophenoxymethyl 1-chloro-2-propyl 
ether. The white prisms melted at 42-43°. Anal. calc. for CuHwO4N.S: C, 
49.25; H, 4.48. Found: C, 49.30; H, 4.78. 
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SOME CHLORINATION PRODUCTS OF BUTYNE-1, BUTYNE-2, 
AND PENTYNE-1 


By A. T. Morse AND L. C. LEITCH 


ABSTRACT 


The following new compounds were isolated from the vapor phase chlorination 
of butyne-1, butyne-2, and pentyne-1: 1,1,2,2-tetrachlorobutane, 2,2,3,3-tetra- 
chlorobutane, 1,1,2,2-tetrachloropentane, trans-1,2-dichloro-1-butene, trans-2,3- 
dichloro-2-butene, and ¢érans-1,2-dichloro-1-pentene. Dehydrochlorination of 
1,1,2,2-tetrachlorobutane and 1,1,2,2-tetrachloropentane gave 1,1,2-trichloro-1- 
butene and 1,1,2-trichloro-l-pentene respectively. Partial dechlorination of 
1,1,2,2-tetrachlorobutane and 1,1,2,2-tetrachloropentane gave cts and trans iso- 
mers of 1,2-dichloro-l-butene and 1,2-dichloro-1-pentene respectively. 2,2,3,3- 
Tetrachlorobutane gave chiefly trans-2,3-dichloro-2-butene. 1,1,1,2,2-Penta- 
chlorobutane and 1,1,1,2,2-pentachloropentane were prepared by chlorination of 
1-chloro-1-butyne and 1-chloro-1-pentyne respectively. 


In a previous communication (2) one of us reported the preparation of 
1,1,2,2-tetrachloropropane and trans-1,2-dichloro-1-propene in 65 and 20% 
yields respectively by the vapor phase chlorination of propyne at 50° to 60°C. 
These compounds were in turn later used to synthesize others of the C; 
series (3). The successful outcome of this investigation led us to attempt the 
chlorination of other acetylenic hydrocarbons by the same method in the 
hope of obtaining some hitherto unknown polychlorinated hydrocarbons. 
Such studies might also enable us to correlate chemical behavior with structure. 
This paper deals with the chlorination products of butyne-1, butyne-2, and 
pentyne-1 and some of their reactions. 

Chlorination of butyne-1 in the vapor phase at 40°C. gave a 36.5% yield of 
1,1,2,2-tetrachlorobutane and 11% of trans-1,2-dichloro-1-butene. Between 
these compounds an intermediate fraction was collected over a wide range of 
temperature. A second careful fractionation of this mixture gave a product, 
b.p. 64-65°C. at 25 mm., which was first thought to be a trichlorobutane. 
However, dehalogenation in ethanol with zinc dust gave a mixture of com- 
pounds. The original material therefore appears to be a mixture of trichloro- 
butanes and/or trichlorobutenes. In addition to these fractions a considerable 
amount of distillate was obtained boiling above the tetrachlorobutane from 
which no pure compound could be separated. The presence of penta- and 
hexachlorobutanes was indicated by the index of refraction of the distillate. 

Dehalogenation of 1,1,2,2-tetrachlorobutane with zinc dust in ethanol 
gave trans- and cis-1,2-dichloro-1-butene, b.p. 99.5° to 100°C. and 118° to 
119°C. respectively. The yield of cis isomer was nearly twice that of the trans. 
Dehydrohalogenation of the tetrachlorobutane gave 1,1,2-trichloro-1-butene, 
b.p. 137°C. The latter compound was also obtained from butyne-1 by the 
sequence of reactions: 

1\Manuscript received August 20, 1964. 

Contribution from the Division of Pure Chemistry, National Research Laboratories, Otiawa, - 


Canada. Issued as N.R.C. No. 34389. 
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NaOCl 2Cl. —Cl, 
C.H;C=CH amp C.H;C=CCl — C.H;CCI.CCl; mip CHeCCECCis. 


The physical constants of the two compounds were identical. 

The chlorination of butyne-2 proceeded smoothly at room temperature. 
From the first fraction of chlorinated product trans-2,3-dichloro-2-butene, 
b.p. 99.5° to 100°C., was recovered in 23.6% yield. At this point the distillation 
had to be discontinued on account of the separation of solid from the residue 
which was removed by filtration. This product analyzed correctly for a tetra- 
chlorobutane and was in fact 2,2,3,3-tetrachlorobutane, m.p. 174°C. The 
filtrate from the solid boiled over a wide range of temperature; its index of 
refraction indicated that it was a mixture of penta- and hexachlorobutanes. 

2,2,3,3-Tetrachlorobutane was dehalogenated with zinc dust in ethanol. 
The chief product isolated was a substance b.p. 100°C., apparently trans- 
2,3-dichloro-2-butene. Very little of the cis-isomer was present. These com- 
pounds had been previously prepared by Tishchenko and Churbakov (4) by 
removal of hydrogen chloride from 2,2,3-trichlorobutane. 

The chlorination of pentyne-1 gave a 19.3% yield of trans-1,2-dichloro-1- 

. pentene and 15% of 1,1,2,2-tetrachloropentane. A large amount of by-products 
was obtained from which no pure compounds could be isolated. 

Dechlorination of 1,1,2,2-tetrachloropentane gave cis- and_ trans-1,2- 
dichloro-1-pentene, b.p. 62° to 62.5°C. at 47 mm. and 49 to 50°C. at 47 mm. 
respectively. The proportion of cis- to trans- isomer was in the ratio 2:1. 
Removal of hydrogen chloride from the tetrachloro compound gave 1,1,2- 
trichloro-1-pentene, b.p. 74-75°C. at 45 mm. The same compound was pre- 
pared by the following sequence of reactions from pentyne-1: 


NaOCl 2Cle —Cl, 
C;H;C=CH —> C;H;C=CCl => C;H7CCI.CCl; ad C;H,CCI=CCl.. 


DISCUSSION 


The chlorination of the acetylenic hydrocarbons described in the present 
work was much less specific than that of propyne. In all three instances 
chlorination by substitution took place to a certain extent as well as by 
addition. The formation of substitution products in the case of butyne-1 and 
pentyne-1 is consistent with Haas’ rule (1) relating to the ease of substitution 
of chlorine for hydrogen in hydrocarbons, viz., that hydrogen is more readily 
’ replaced by chlorine in a methylene than in a methyl group. However, this 
does not account for the presence of appreciable amounts of products formed 
by substitutive chlorination in butyne-2, and none in propyne. It may well 
be that electron mobility in butynes and pentyne is greater than in propyne, 
and chlorination by substitution is thus facilitated. 

Another curious observation made in the present work is the predominance 
of cis-isomer formed in the dechlorination of 1,1,2,2-tetrachlorobutane and 
pentane and the almost exclusive formation of trans-isomer in the dechlorina- 
tion of 2,2,3,3-tetrachlorobutane. No obvious explanation can be offered for 
these results at this time. 
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EXPERIMENTAL 
Chlorination of Butyne-1 

This chlorination was carried out in an apparatus similar to that described 
in an earlier paper (2). 

Dry chlorine gas and butyne-1 were introduced into the evacuated reaction 
flask in the ratio 2: 1. After they were heated to 40°C. with an infrared lamp, 
reaction began and proceeded smoothly at 55° to 60°C. without further external 
heating provided that the correct ratio of the gases was maintained. The liquid 
product collected in the trap at the bottom of the reactor. Under these con- 
ditions, 32.5 liters of butyne-1 were chlorinated in 12 hr. The crude product 
was shaken twice with 100 ml. of dilute sodium bicarbonate solution and finally 
washed with water. After drying over potassium carbonate, the dry product, 
weighing 227 gm., was fractionally distilled under reduced pressure. 

Fraction I was collected over the range 23° to 28°C. at 27 mm. When 
refractionated through a Stedman column (12 in. X 3/8 in.) at atmospheric 
pressure, 15.8 gm. of trans-1,2-dichloro-1-butene were obtained. Yield 11.3%, 
b.p. 99.5° to 100.5°C., mf? 1.4522. Fraction I1 (35.0 ml.) distilled over the range 
31° to 85°C. at 25 mm. When carefully refractionated, a sample of 12.0 ml. 
with constant boiling point (64 to 64.5°C. at 25 mm.) was collected. This 
material is probably a mixture of trichlorobutanes and/or trichlorobutenes. 

Fraction III consisted of 80.0 gm. of 1,1,2,2-tetrachlorobutane. Yield 
36.5%, b.p. 85° to 85.5°C. at 25 mm., m2? 1.4908; calc. for Cl, 72.39%, found, 
72.17%. Fraction IV consisting of 8.0 ml. distilled over the range 88° te 105°C. 
at 25 mm., n?? 1.5000. Fraction V (13.5 ml.) was collected at 105° to 106.5°C. 
at 23 mm., 2° 1.5074. Fraction VI (4.0 ml.) distilled at 108° to 117°C. at 
25 mm., m2? 1.5102. Fraction VII (10.0 ml.) distilled at 119° to 121°C. at 24 
mm., 72° 1.5162. 
cis- and trans-1,2-Dichloro-1-butene 

1,1,2,2-Tetrachlorobutane (69.0 gm.) in 25 ml. of ethanol was added drop- 
wise to a refluxing mixture of 30.0 gm. of zinc dust in 200 ml. of ethanol. 
After refluxing for 30 min. the reaction products were distilled off as azeotropes 
through a Stedman column. The distillate was washed with water and dried 
by distilling on the vacuum line through a U-tube filled with P,O;. The 
isomers were separated by fractional distillation through a Stedman column. 
The total yield was 80.09. The trans-isomer weighed 12.6 gm. (37% of the 
total), distilled at 100° to 101.0°C., n?? 1.4526; calc. for Cl, 56.73%, found, 
55.80%. The cis-isomer weighed 21.5 gm. (63°7 of the total) and distilled at 
118.5° to 119.0°C., n2° 1.4598. 


1,1,2-Trichloro-1-butene 

1,1,2,2-Tetrachlorobutane (20.0 gm.) and calcium oxide (6.0 gm.) in 100 ml. 
of water were refluxed for cight hours. The vield of 1,1,2-trichloro-1-butene 
which distilled off as an azeotrope was nearly quantitative. After drying over 
calcium chloride, the halide was distilled through a Stedman column. It 
boiled at 137.0°C. at atmospheric pressure (58° to 58.5°C. at 46.0 mm.), 2° 
1.4816; calc. for Cl, 66.71°%, found, 66.06%. 
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1,1,1,2,2-Pentachlorobutane 

1-Chlorobutyne-1 (15 gm.; prepared as in Ref. 3) was dissolved in 25 mi. 
of methylene chloride in a 100 ml. flask. The latter was fitted with a cold 
finger condenser filled with dry ice. Chlorine gas (28.4 gm.) was slowly dis- 
tilled into this solution which was allowed to stand in the dark for four hours. 
The colorless solution was fractionally distilled at reduced pressure through a 
Stedman column. 1,1,1,2,2-Pentachlorobutane distilled at 102-103.5°C. at 
25 mm. Yield 25.6%, m2? 1.5096; calc. for Cl, 76.95%, found, 71.03%. A 
sample of this compound added to zinc dust in ethanol gave a product identical 
with 1,1,2-trichloro-1-butene reported above. 


Chlorination of Pentyne-1 

Pentyne-1 (122 gm.) was placed in a 200 ml. flask, which was connected to 
the same apparatus as was used in the chlorination of butyne-1. The pentyne 
and vacuum line leading to the reaction flask were heated to 45°C. in order to 
keep the vapor pressure of the compound slightly above one atmosphere. By 
this means it was possible to feed it into the reaction flask as a vapor, in which 
form it reacted with the chlorine. As soon as the gases mixed chlorination 
began without external heating. Reaction temperature fluctuated between 
45° and 50°C. On several occasions flashes occurred during the chlorination 
but these were neither dangerous nor did they retard reaction; they merely 
deposited carbon on the walls of the flask. After eight hours the pentyne was 
all reacted. The crude product (236 gm.) was treated in the same manner as 
described for the lower homologue. After drying it was fractionally distilled 
through a Stedman column. 

Fraction I consisted of 51 gm. of unreacted pentyne-1. 

Fraction II was collected over the range 31° to 51°C. at 24 mm. When 
refractionated at atmospheric pressure, 28.0 gm. of ¢trans-1,2-dichloro-1- 
pentene were collected. Yield 19.3%, b.p. 124.5-125°C. (48° to 49°C. at 
47 mm.), 201.4556. , 

Fraction II] was a mixture of chloro compounds from which no single 
compound was isolated. 

Fraction IV was 1,1,2,2-tetrachloropentane. It distilled at 95-97°C. at 
23 mm. Yield 33.0 gm. (15.3%), m2? 1.4887; calc. for Cl, 67.61%, found, 
66.61%. 

A high boiling residue of 30 ml. remained but no pure compound was isolated 
from it. 
cts- and trans-Dichloro-1-pentene 

1,1,2,2-Tetrachloropentane (20.6 gm.) in 10 ml. of ethanol was added to a 
suspension of 10 gm. of zinc dust in 60 ml. of ethanol. The reaction products 
were distilled off as azeotropes and dried over calcium chloride. The vield of 
dry product was 13.0 gm. (95%). The two isomers were separated by careful 
distillation. trans-1,2-Dichloro-1-pentene distilled at 49-50°C. at 47 mm. 
Yield 4.0 gm. (34.89% of total), 22° 1.4552; calc. for Cl, 51.00%, found, 50.98%. 
The cts-isomer, 7.5 gm. (65.2% of total), distilled at 62-62.5°C. at 47 mm., 
n2° 1.4614; calc. for Cl, 51.00%, found, 51.04%. 








10 CANADIAN FO! RNAL OF CHEMISTRY. VOL. 33 


1.1,2-1 richloro-1-pentene 

This compound was prepared by adding 7.2 gm. of 1,1,2,2-tetrachloro- 
pentane to a mixture of 3.0 em. of calcium oxide in 50 ml. of water. The dry 
1,1,2-trichloro-1-pentene distilled at 74-75°C. at 45 mm. Yield 4.1 gm. (70%), 
ni’ 1.4798; calc. for Cl, 61.31¢¢, found 61.23%. 
1,1,1,2,2-Pentachloropentane 

Dry chlorine gas (0.80 mole) was slowly distilled into a solution of 40.0 
gm. (0.39 mole) of 1-chloro-1-pentyne in 40 ml. of methylene chloride in the 
dark. The 1,1,1,2,2-pentachloropentane, fractionated through a Stedman 
column, distilled at 83-84°C. at 7.00 mm. Yield 44.8 gm. (47.200), nj) 1.5062; 
calc. for Cl, 72.53%, found, 70.53%. 

A sample of this compound treated with zinc dust in ethanol gave a product 
identical with 1,1,2-dichloro-1-pentene described above. 

Chlorination of Butyne-2 

Butyne-2 (45 gm.) was placed in a 100 ml. flask, and the flask connected to 
the chlorination apparatus. The hydrocarbon was heated to 32°C. at which 
it had a vapor pressure slightly above one atmosphere. Chlorine and butyne-2 
were fed into the evacuated reaction flask in the ratio 2: 1. Reaction began at 
once and proceeded smoothly at 36-38°C. The liquid product collected in the 
receiver at the bottom of the apparatus. There was also evidence of solid 
product forming on the walls of the reaction flask. 

After 10 hr. all the butyne-2 had been added and the product was fraction- 
ated without further treatment through a glass helices packed column. 

Fraction | consisted of 4.0 gm. of unreacted butyne-2. 

Fraction I] was composed of 21 gm. of trans-2,3-dichloro-2-butene. Yield 
22.0%, b.p. 98° to 100°C., n° 1.4570. 

A solid began to separate in the fractionating column and distilling flask 
shortly after the apparatus had been evacuated. The flask was cooled to 
— 20°C. and the solid filtered off. A sample recrystallized from pentane gave 
pure 2,2,3,3-tetrachlorobutane. Yield 25 gm. (16.8%), m.p. 171.5-174°C.; 
calc. for Cl, 72.38%, found, 71.94%. 

A high boiling residue of 34 gm. remained from which no pure compound 
could be isolated. It appeared to be a mixture of penta- and hexachloro- 
butanes. 
cts- and trans-2,3-Dichloro-2-butene 

2,2,3,3-Tetrachlorobutane (28 gm.) in 200 ml. of ethanol was added to a 
refluxing mixture of 15 gm. of zinc dust in ethanol. After reaction was complete 
the products were distilled as azeotropes with ethanol. About 200 ml. had to be 
distilled before all the halide had distilled. The distillate was worked up in the 
usual manner. The total yield was 60°%. The trans-isomer weighing 9.1 gm. 
(90° of the total) distilled at 99-101°C., — 1.4582. The cis-isomer weighed 
1.2 gm. (10 of the total), distilled at 124-126°C., 2? 1.4672. 
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ANTITUBERCULOUS ISONICOTINYLH YDRAZONES 
OF LOW TOXICITY' 


By A. ZuBRyYsS AND C. O. SIEBENMANN 


ABSTRACT 


In a search for antituberculous compounds of low toxicity, the isonicotinyl- 
hydrazones of monohydroxybenzaldehydes and of the corresponding aldehvdo- 
phenoxyacetic acids were prepared. When tested in vivo, the isonicotinylhydra- 
zones of 2-formyl-phenoxyacetic acid and of 6-methoxy-2-formyl-phenoxyacetic 
acid showed the most marked antituberculous activity combined with low tox- 
icity. The preparation of 6-methoxy-2-formyl-phenoxyacetic acid and of the 
isonicotinylhydrazone of 2-formyl-phenoxyacetic acid are described as repre- 
sentative examples. The results of microanalysis include data which define the 
antituberculous isonicotinylhydrazones of 2-hydroxybenzaldehyde, 4-hydroxy- 
benzaldehyde, and 2-hydroxy-3-methoxybenzaldehyde (o0-vanillin). 


INTRODUCTION 


Following the discovery of the antituberculous activity of isonicotinic acid 
hydrazide (isoniazid) by Grunberg and Schnitzer (5) and by Bernstein e ai. 
(1) we recorded the marked therapeutic action in the experimental tuberculous 
infection in mice of isonicotinylhydrazones of hydroxy substituted benzalde- 
hydes (8). As a representative example of this group of compounds the iso- 
nicotinylhydrazone of 4-hydroxybenzaldehyde (I) was studied more closely (7). 


CO—NH—N=CH 


VN, 
N 
H 
I 


The low toxicity in mice shown by (1), as well as by isonicotinylhydrazones 
of other monohydroxybenzaldehydes, encouraged us to extend our research 
in this field. 

As the in vitro antituberculous activity of (I) approaches that of isoniazid, 
it was considered likely that the limited im vivo activity of thiscompound, as 
compared to that of isoniazid, may in part be due to its low solubility. It 

. appeared desirable, therefore, to introduce suitable modifications in the 
molecular structure to render this type of compound more soluble. On the 
basis of this idea we have prepared, as starting materials for isonicotiny]- 
hydrazones, a series of aldehydo-phenoxyacetic acids, namely: 
4-formyl-phenoxyacetic acid (3) from 4-hydroxybenzaldehyde, 
2-formy]-phenoxyacetic acid (2, 6) from salicylaldehyde, 
6-methoxy-2-formyl-phenoxyacetic acid from o-vanillin § (2-hydroxy-3-meth- 
oxy benzaldehyde), and 

Manuscript received August 16, 195.4. 
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2-methoxy-4-formyl-phenoxyacetic acid (4) from vanillin (4-hydroxyv-3-meth- 
oxy benzaldehyde). 

One of these acids, namely, 6-methoxy-2-formyl-phenoxyacetic acid (11) was 
unknown. 


CHO 





The isonicotinylhydrazones of all four above-mentioned aldehydophenoxy- 
acetic acids, when tested in mice, showed a consistently higher antituberculous 
activity than the isonicotinylhydrazones of the corresponding unsubstituted 
hvdroxvbenzaldehyvdes. The best results were obtained with the isonicotinyl- 
hydrazones of 6-methoxy-2-lormyl-phenoxvacetic acid (II1) and of 2-formy!l- 
phenoxyacetic acid (IV). 


CO--NH—N=CH ‘en a 
lan (/\-0—CHr-COOH ) VA -O—CHs—CooH 
ea? \ rocks " / 3 

WI IV 


The marked antituberculous activity of these two compounds, mentioned 
in an earlier communication (9), is of the order of 35-50% of that of isoniazid, 

















TABLE I 
Analysis, % 
Maa °C. Empirical Calc. Found 
Compound uncorrected formula 
Cc N c H N 
6-Methoxy-2-formyl- 118-121 CioH10O0s 57.14 479 57.02 4.83 
phenoxyacetic acid (II) 56.89 4.68 


Isonicotinylhydrazones of: 
4-Hydroxybenzaldehyde®* (I) 287-287.5 CisHiiNsO2-H:0 60.22 5.05 16.21 60.18 5.00 16.09 


2-Hydroxybenzaldehyde 238-240  C.sH,Ns02 64.72 4.59 17.42 64.52 4.43 17.29 


4-Hydroxy-3-methoxy- 


benzaldehyde* 223-224 CiHuNs02-H:O 58.12 5.23 14.53 58.04 4.86 14.50 
2-H vdroxy-3-methoxy- 

benzaldehyde 227-228  CiHisNsOs 61.98 4.84 15.49 62.00 5.00 15.09 
6-Methoxv-2-formyl- 233-234 Ciel igNsOs-H20 55.32 4.93 12.1 55.00 4.88 12.30 

phenoxyacetic acid (IIT) 55.19 4.98 12.16 
2-Formyl]-phenoxyacetic 247-248 = CisHisNi0, 6U.19 4.38 14.03 59.98 4.20 14.32 

acid (IV) 60.10 4.39 14.14 





*Dried in vacuo (14 mm.) at 75°. 
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and deserves special attention on account of the low toxicity which both 
compounds exhibit in laboratory animals. The acute oral toxicity of (I11), 
when tested in mice, is less than 75, and that of (IV) less than 35, of that of 
isoniazid. 

In the experimental part the synthesis of 6-methoxy-2-formyl-phenoxyacetic 
acid, 2-formyl-phenoxyacetic acid and its isonicotinylhvdrazone are described 
as representative examples. The results of microanalysis (Table I) include 
data defining the antituberculous isonicotinylhydrazones, prepared by us in 
1952, from 4-hydroxybenzaldehyde, 2-hydroxybenzaldehyde, 2-hydroxy-3- 
methoxybenzaldehyde, and vanillin. These hydrazones were prepared using 
essentially the same procedure as for the isonicotinylhydrazone of 2-formyl- 
phenoxyacetic acid. The biological properties of all above-mentioned com- 
pounds are the subject of a separate communication (10). 


EXPERIMENTAL PART 
6-Methoxy-2-formyl-phenoxyacetic Acid (11) 

To a solution of 45.6 gm. (0.3 M.) of 2-hydroxy-3-methoxybenzaldehyde in 
100 ml. of ether, 25 gm. of sodium hydroxide dissolved in 50 ml. of water were 
added slowly while the solution was cooled and stirred. To this mixture a 
solution of 28.35 gm. (0.3 M.) of chloracetic acid in 30 ml. of water was added 
in the same way. The ether was removed and the mixture heated under reflux 
for two hours at 120-125°C. (oil bath temp.). The resulting solution was 
cooled, diluted with water, acidified with hydrochloric acid to Congo red, and 
allowed to stand for three hours at room temperature. The precipitate which 
formed was filtered, dissolved in sodium bicarbonate solution, and extracted 
with ether. The aqueous layer was acidified to Congo red and left in the cold- 
room for two hours. The precipitated impure 6-methoxy-2-formyl-phenoxy- 
acetic acid was crystallized from boiling water. Yield: 20 gm., m.p. 111- 
114.5° C. After two recrystallizations from benzene the m.p. rose to 118-121° C, | 

The 6-methoxy-2-formyl-phenoxyacetic acid crystallizes from benzene in 
white needles and has the characteristic properties of an aldehydo-carbonic 
acid. It reduces ammoniacal silver nitrate solution, gives a violet coloration 
with Schiff’s reagent, forms a hydrazone with isonicotinic acid hydrazide, and a 
thiosemicarbazone with thiosemicarbazide. It dissolves slowly in sodium 
bicarbonate solution with elimination of carbon dioxide. The acid is easily 

- soluble in ethanol, methanol, acetone, ethylacetate, amylacetate, ether, acetic 
acid, dimethylformamide, hot benzene, and hot water. 


2-Formyl-phenoxyacetic Acid 

This acid was prepared in a similar way as 6-methoxy-2-formy]-phenoxy- 
acetic acid. The final product was crystallized from water. From 36.6 gm. of 
salicylaldehyde the yield was 25 gm., m.p. 130-132° C. 
Isonicotinylhydrazone of 2-formyl-phenoxyacetic Acid (IV) 

A hot solution of 13.7 gm. (0.1 M.) of isonicotinic acid hydrazide* in 100 ml. 


*For the synthesis of tsonicotinic actd hydrazide a generous initial supply of 1sonicotinic acid 
was obtained through the courtesy of Fine Chemicals of Canada, Ltd. 
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of water was mixed with a hot solution of 18 gm. (0.1 M.) of 2-formyl-phenoxy- 
acetic acid in 120 ml. of ethanol, heated for 15 min. under reflux, and allowed 
to stand in the cold-room over night. The slightly vellowish precipitate which 
formed was filtered, washed with water, ethanol, acetone, and dried. Yield: 
29 gm., m.p. 246-248°C. An analytical sample, recrystallized from 75% 
ethanol, had m.p. 247-248° C. 

The hvdrazone is soluble in dilute sodium bicarbonate solution; it reduces 
ammoniacal silver nitrate solution. 
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A NEW MATERIAL AND TECHNIQUES FOR THE FABRICATION 
AND MEASUREMENT OF VERY THIN FILMS FOR USE IN 
4r-COUNTING' 


By B. D. PATE? AND L. YAFFE 


ABSTRACT 


A new method for preparing thin films for use in beta-spectrometry and 4z- 
counting is described. These films, made of polyvinylchloride-acetate copolymer 
are readily prepared with superficial densities as low as 1 wgm. per cm.? The films 
have good tensile strength and show excellent resistance to acids, alkalies, and 
many organic reagents. The thickness of the films may be determined (a) gravi- 
metrically, (b) radiometrically, and (c) optically either by transmission or reflec- 
tion. The films can be made conducting by distilling a thin gold layer on to them. 
The thickness of the gold layer can be determined spectrophotometrically. 


INTRODUCTION 


In the course of work in this laboratory (to be published shortly) on the 
improvement of the accuracy of disintegration-rate determinations by 4x 
gas-ion counting, it became necessary to develop methods for producing films 
of synthetic resin of superficial density much lower than hitherto reported. 
This paper reports the successful fabrication of films of good chemical and 
mechanical stability, of superficial densities down to below 1 yugm./cm2? 
(thickness < 7 my) and of area up to 100 cm.? 

Materials used for the production of source-mounts for the purposes of 47- 
counting or beta-spectrometry must satisfy a number of-criteria. They must 
be of: 

(a) minimal superficial density and low average atomic number, in order to 

reduce absorption and scattering of radiation; 

(b) adequate mechanical strength to withstand shocks received during 
normal, careful handling and the pipetting out of radioactive solutions; 

(c) adequate chemical resistance to reagents present during the rapid 
evaporation of these solutions, e.g. under infrared irradiation; 

(d) adequate thermal resistance to withstand infrared irradiation during 
this evaporation procedure and during metallizing procedures if these 
are required (see later). 

The use of a number of materials has been reported in the literature. Alu- 
minum foil has been used (3, 4, 5, 6, 20, 21) in superficial densities as low as 
260 pem./cm.* (19). Such foils will however be very weak mechanically, and 
in addition aluminum does not exhibit very good chemical resistance to acids 
or alkalies. Certain svnthetic resins have been found to lend themselves to the 
fabrication of thin films suitable for source mounts and have been used exten- 
sively with conventional low-geometry counters and in beta-spectrometry 
where back-scattering effects were to be minimized (7, 15). Formvar (7, 9, 22), 

Manuscript received August 138, 1994. 
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a polvvinviformal, has excellent) mechanical properties, being strong and 
resistant to abrasion (8, 16, 17). A method (2) to produce films of less than 10 
pem.,’cm.? superficial density by means of very specialized handling techniques 
has recently been described. Unfortunately Formvar is readily attacked by 
acids, concentrated alkalies, and organic solvents. It has however found 
application in laminates with films of polystyrene or Zapon (8, 10, 13) which 
possess better chemical properties, but are alone too fragile. 

Cellulose nitrate (1, 11, 14) and acetate (19) are probably the most successful 
of the materials used up to this time. They are resistant to hydrochloric acid in 
all concentrations, oxidizing acids in concentrations up to 12 N, and dilute 
alkalies. Thev are attacked however by concentrated alkalies, and other 
substances, e.g. an aqueous slurry of a metallic sulphide. Films of these 
materials with a superficial density of as low as 3 ugm. ‘cm.* have been reported. 
However these are of small area, and it is found that films of less than 40 vem. 
cm. do not make satisfactory mounts owing to increasing fragility which 
impedes their manufacture, handling, and use during pipetting operations. 

When it is desired to work with source-mounting films of 5-10 ugm. ‘cm.’, 
therefore, it is clear that a material with much better characteristics is required. 
We propose the use of VYNS resin* (a polyvinylchloride-acetate copolymer). 
Films of this material can be made with superficial densities below 1 ugm. ‘cm. 
These show remarkable tensile strength, and excellent chemical resistance to 
acids and alkalies in all concentrations and to most organic solvents. The only 
common chemicals found to attack the films are ketonic compounds and esters 
which act as solvents for the resin. These properties, together with resistance 
to all but the severest of shocks, make VYNS resin an ideal material for source 
mounts. 


PROCEDURES 
(1) Film Production 

VYNS resin as supplied by the manufacturers is a finely ground white 
powder. The most convenient solvent is found to be cyclohexanone, one 
volume of resin requiring about two volumes of solvent for complete dis- 
solution. First addition of solvent to the resin produces a gel, which dissolves 
in further solvent only slowly in the course of several davs. The process can 
however be accelerated somewhat by maintaining the mixture at 50-60°C. for 
several hours. The saturated solution thus obtained forms a convenient stock 
solution. This is diluted with further cyclohexanone before use to give a one- 
third saturated solution. 

VYNS in evclohexanone does not spread satisfactorily on a water surface, 
and dilution with a second solvent produces on evaporation very weak and 
uneven films. The conventional techniques for film formation are therefore 
not appheable, and a new method has had to be developed. This is found to 


*This material is a product of the Bakelite Co. N.Y., available in Canada throuvhk Canadian 
Resins and Chemicals Lid., Montreal. We are indebted to Mr. 1. Maclaine ef Deminion Otlcloth 
and Linoleum Ltd. for introduction to this material, and to Mr. F. M. Kine of Canadian Resiny 
and Chemicals Ltd, for a supply of the resin for experimental pur poses. 
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produce films whose constancy of thickness is better than previously obtain- 
able, and possesses the additional merit of improving the tensile strength of the 
thinner films, possibly by orientation of polymer molecules. 

The procedure used is as follows. A trough or sink is filled with water at room 
temperature and a floating wooden barrier placed in contact with one end. One 
to two milliliters of resin solution are pipetted between the barrier and the 
trough, so as to wet both the side of the trough and the barrier; the latter is 
released and the resin solution allowed to expand into a band about 2-3 cm. 
wide, the outer edge (nearest the barrier) of which immediately begins to 
solidify. The barrier is lifted from the water, lowered lightly on to the solidified 
film, and then moved away along the water surface at a speed of about 30-40 
cm. per second. During this process a film of resin is observed to feed out of the 
solution band, and continues to do so covering the water surface, until either 
the barrier reaches the far end of the trough, or the band of solution is ex- 
hausted. The thickness of film produced is governed by the speed at which the 
barrier is pulled out, the thinnest films being obtained with the highest speeds. 
The evenness of the film in one direction is conditioned by the evenness of the 
original pipetting operation, and in the other by the constancy of barrier 
velocity. Success in operation of this procedure is largely a matter of manual 
dexterity, which can easily be obtained. 

The film produced is quite dry and may be lifted from the water surface for 
use immediately. The lifting may be accomplished by the use of wire frames 
(coated with VYNS to give better film adhesion) which allow larger areas of 
film to be obtained, e.g. up to 40 cm. X 20 cm. of 10-20 ygm./cm.? film. 
The film may then be transferred to other supports which have previously 
been wetted with water. Alternatively the supports, in our apparatus alu- 
minum annuli of area 40 cm.’, may be used to pick up the film directly, 30 or 
40 rings being covered in one operation. In either case the support or frame is 
lowered to contact the upper surface of the film, the latter torn away at the 
edges, and the film lifted with a rolling motion, one edge separating first. This 
procedure often gives a film completely free of water droplets. Any that may 
be left can be cautiously pulled to the edge of the film with a wisp of absorbent 
material. An alternative procedure useful for the thinnest films is to sink the 
film and support carefully and to bring them out through the water surface 
at right angles, reducing the effect of surface tension forces. Marks remaining 
after evaporation of water droplets left by this procedure may be avoided by 
dipping the film on edge below the surface of some distilled water. VYNS is 
hydrophobic, and films produced by this method, once any adhering water is 
removed, are quite dry and ready for use. No appreciable change in weight is 
observed over long periods of time, either with plain films or after metallizing 
(see later). 

This simple technique as described is suitable for the production of uniform 
films of up to 20 wem./cm.* superficial density. Films of greater thicknesses are 
conveniently produced by lamination, two films placed in contact adhering 
readily; laminates of greater than 100 wegm./em.? and quite even in thickness 
have been made in this way. Alternatively one can use a mechanical means of 
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ensuring constant barrier speed to produce the thicker films. The manual 
method does not operate too satisfactorily in this region. 

It is standard procedure in this laboratory to store films on edge. This 
arrangement renders the stock of films less liable to damage by vibration, and 
further allows a large number of films to be stored in a small space. 


(2) Measurement of Film Superficial Density 

For the purposes of 4x-counting and beta-spectroscopy it is desirable to 
know the superficial density of the material used as a source mount. Four 
methods have been found useful in this connection. 


(u) Optical Reflection Method 
As is well known, thin films are often observed to be brilliantly colored by 
reflected light, owing to the occurrence of interference and reinforcement 
between the light reflected from the top and bottom surfaces of the film. The 
conditions for reinforcement and destructive interference for light of wave 
length \ are given by: 
reinforcement:(#+4)A = 2ud cos 6, 
destruction: mA = 2ud cos 6 
where u is the film refractive index (for VYNS = 1.5), d is the film thickness, 
6 is the angle of reflection, and m is an integer. The wave lengths for which 
interference is expected for various VYNS film thicknesses with normally 
incident light, together with the color actually observed, are listed in Table I. 
The effects observed below 10 ugm./cm.? are due to a falling off in reflectivity 
of the film. 











TABLE I 
Wave length Wave length 
for for destructive 
Superficial Film reinforcement interference Color 
density of film thickness calculated calculated observed 
(agm./cm.?) (mp) (my) (my) 
1 7 (14) (21) Dark gray 
5 36 (72) (108) Light gray 
10 70 (140) (210) White 
20 140 280 420 Light yellow 
25 180 360 540 Yellow-brown 
30 210 420 630 Purple ) First 
35 250 500 750 Blue order 
40 200 580 870 Yellow {spectrum 
45 320 640 960 Red }(n = 1) 
5U and 360 and _- — Second order and 
above above above (nm > 2). 
Colors of 
diminishing 
intensity 





We have used these color differences, as observed visually, for the rough 
sorting of films of differing thicknesses, and especially for the selection of areas 
of film of the desired thickness and evenness for lifting from the water surface. 
It is clear that this could be made into a precision method, if desired, by use of 
a spectrophotometer with a reflection attachment. 
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(b) Gravimetric Method 

A five decimal place analytical balance is capable of measuring the superficial 
density of 40 cm.? (for our apparatus) of 5 ugm./cm.? film with an accuracy of 
5%. This gives a very useful, absolute means of superficial density standardiza- 
tion. We have used films specially selected for their uniformity and calibrated 
gravimetrically to standardize other methods of determination. As a routine 
method, however, weighing has certain disadvantages: 

(i) Measurements to the required accuracy are very tedious and time- 
consuming. 

(ii) The superficial density measured is an average for the whole film, not 
for the region of interest (the center). This method is not therefore 
applicable to films with peripheral irregularities which are nevertheless 
quite suitable for source mounts. 

(iii) Finally the mounting of a film on a weighed support is not easily accom- 
plished without a concomitant change in support weight, and measure- 
ments are subject to random errors far in excess of those imposed by 
the sensitivity limit of the balance used. 


-(c) Beta Radiation Absorption Method 
Figs. 1 and 2 show as a function of their superficial density the transmission 
of VYNS films for the beta radiation of Ni® (which has a maximum energy of 
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- Fic. 1. Transmission of VYNS film to Ni® beta radiation. Film superficial density range 
0-35 ugm./cm.? 


67 kev.). Providing the radiation measurements can be made to the necessary 
precision, the method is limited by the accuracy of the superficial density 
values of the films used for calibration. We estimate that measurements can be 
made to 2 uwgm./cm.? in the range 0-30 ywgm./cm.?, and with a somewhat 
larger error at greater thicknesses. The actual form of the curves obtained 
depends a great deal on the radiation scattering and other characteristics of 
the apparatus used, but the details of procedure as used by us are as follows. 

A Ni® source of about 2 X 10° dis./sec. is deposited in a depression at the 
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Fic. 2. Transmission of VYNS film to Ni® beta radiation. Film superiicial density range 
0-600 ygm./cm.* 


center of an aluminum plate, and the whole is covered with a VYNS film of 
about 50 ugm./cm.” to give a completely planar surface. This is then mounted 
in a conventional hemispherical 2%-proportional counter, and the counting 
rate measured to the required accuracy. Curves of transmission versus super- 
ficial density are then obtained, using specially selected gravimetrically cali- 
brated films which are placed in contact with the plate. Advantages of the 
method include insensitivity to peripheral film irregularities—the superficial 
density measured is that observed by a source centrally located on the film 
used for a source mount—and a rapidity of operation much greater than for 
the gravimetric method. Disadvantages include the tendency for films of less 
than 10 wem./cm.* to adhere to the plate and subsequently to rupture (which 
can to some extent be ameliorated by a light dusting of tale away from the 
central part of the film), the need for ensuring close contact between the film 
and plate (since a laver of methane counting-gas entrapped between them can 
cause considerable error in the apparent film thickness), and the need for 
electronic counting apparatus, ete. j 

(d) Optical Absorption Method 

This method is now in routine use in this laboratory, and proves quite 
satisfactory for the measurement of superficial densities in the range 0-30 
nem. ‘cm.2 We employ a Beckman Model DU Spectrophotometer, which is first 
balanced against air, and then used to measure the optical transmission at a 
wave length of 360, 600, or 1300 mu according to the thickness range and 
accuracy required. Calibration with selected weighed films produces curves as 
shown in Fig. 3, the features of which will be further discussed in a forth- 
coming publication. The potential precision of the method is about 0.05 
pem./cm., but calibration difficulties impose at the moment a limit of +0.5 
xem. /em.*, which is nevertheless adequate for the present purposes. The method 


is found to be very rapid and facile in operation, and is applicable to the thin- 
nest films since they need not be placed in contact with anything. It also meas- 
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Fic. 3. Optical transmission of VYNS film. 


ures the thickness of the center of the film, and is useful in measuring small 
irregularities of superficial density in this area. 
(3) Gold Coating 

The plastic film used for mounting a source within a counting chamber (or 
for beta-spectrometry) must be essentially at cathode potential in order that 
the counter shall function correctly. It has been reported (18) that a small 
area of plastic film can be satisfactorily used as a source mount, but most 
authors agree that films must be rendered conducting by a suitable coating, 
either of Aqua-dag (12, 15) or of metal applied by sputtering or distillation 
in vacuo. The use of aluminum (19), copper (11, 14), silver (1), and gold (7, 10) 
has been reported. We find gold coating of one side of the film by distillation 
from a tungsten ribbon filament at about 1200°C. and under <1 yu Hg to be 
satisfactory. 

Low distillation rates of gold give approximately isotropic distribution of 
metal, and several films may be coated simultaneously if arranged spherically 
around the filament. 
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The progress of distillation may be followed by observing the color of the 
film by reflected light from the reverse face to that being coated. With an 
initially uncolored tilm of 5-10 xgm. cm.* for example, a faint purple colora- 
tion is first noticed at a superficial density of 0.4 ugm./cem.? gold, and this 
progressively deepens in shade until at 5 ygm. em.? a rich red-purple coloration 
is obtained. By transmitted light gold layers appear as increasing intensity of 
blue, and this color, due to absorption or reflection of light at about 600 my, 
has been made the basis of a satisfactory precision method of measuring the 
thickness of a gold layer applied. The Beckman Spectrophotometer is again 
used, balanced against air, and the transmission at 600 mu of a series of films 
of known gold superficial density is measured, the film being arranged so that 
the light beam is incident on it from the uncoated side. A satisfactory method 
of preparing the calibration films is to employ increasing distillation times from 
a filament of constant distillation rate, which is known from gravimetric 
measurements. The optical transmission of the film plus gold as measured is 
the product of the transmission of the film and that of the gold. The former 
may be read from the 600 mu curve in Fig. 3, and the curve of the gold trans- 
mission thus calculated versus gold superficial density is given in Fig. 4. The 
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Fic. 4. Optical transmission of gold on VYNS film at 600 my wave length. 


form of the curve, which has several unusual features, will be discussed in the 
forthcoming publication mentioned earlier. Spectrophotometer readings can 
be taken with an accuracy which gives a precision for the method of 0.05 
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ugm./cm.? of gold, and in this case the calibration is probably “i comparable 
accuracy. 
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THE ALKALINE NITROBENZENE OXIDATION OF ASPEN WOOD 
AND LIGNIN MODEL SUBSTANCES' 


By K. R. KAVANAGH AND J. M. PEPPER 


ABSTRACT 


The vields of vanillin and syringaldehyde obtained by the alkaline nitrobenzene 
oxidation of aspen wood meal have been determined at various temperatures 
for various times. The maximum yield of each of these aldehydes, ca. 15 and 36% 
respectively, was obtained under the same conditions. Similar maximum vields 
result at 130245°C. as at 170-5-5°C. if the reaction time is markedly increased. 
Treatment of the wood meal with sodium hydroxide at 160°C. for two and one 
half hours prior to the addition of nitrobenzene and subsequent heating under the 
same conditions decreases, by over 30%, the yields of aldehydes. Samples of 
3,4,5-trimethoxybenzaldehyde, 8-p-glucovanillin, and 8-D-glucosyringaldehyde 
were oxidized by alkaline nitrobenzene at 160°C. for two and one half hours and 
vields of the corresponding phenclic aldehydes of 10.7, 69.6, and 71.9% respec- 
tively were obtained. These results are discussed with respect to the chemistry of 
aspen lignin. 


Little has been reported regarding the establishment of the optimum 
conditions for obtaining the maximum vields for each of vanillin and syringal- 
dehvde by the alkaline nitrobenzene oxidation of hardwood lignins. Brauns (2) 
has summarized the value of this technique in lignin chemistry. The major 
part of this work was concerned with softwood lignins and various reaction 
temperatures, ranging from that of boiling alkaline sulphite spent liquor to 
200°C., and various reaction times from 10 min. to three hours. Since this book 
was published Leopold (9) has determined the vanillin yields obtainable from 
synthetic model lignin substances as a function of temperature and time and 
found that at 180°C. for two hours the best yields were obtained. Subsequently 
Leopold and co-workers (10, 11, 12) used these conditions to study the oxida- 
tion products of a wide variety of both hardwoods and softwoods. It is signi- 
ficant that almost all the conifers studied gave small amounts of p-hydroxy- 
benzaldehyde while several (Pinaceae family) gave small amounts of svringal- 
dehyde, this latter observation representing the first isolation of svringaldehyde 
from sottwoods. Stone and Blundell (14) used a temperature of 160°C. for two 
and one half hours in their analytical micromethod for the alkaline nitrobenzene 
oxidation of plant materials. 

A detailed study of these conditions of oxidation as applied to hardwoods 
was undertaken, therefore, with the belief that some useful information would 
be obtained with respect to the following problem. Hf vanillin and svringalde- 
hyde arise by the hydrolysis and ‘or oxidative cleavage of different type link- 
ages in the protolignin, then maximum vields of each might be obtained under 
different conditions. In this way a greater combined vield of aldehydes could 
result than that now obtained under conditions whereby both vields are deter- 
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mined from the same reaction mixture. On the other hand, should the release 
of the two compounds be equally dependent on the conditions, some evidence 
would be presented for the existence of similar type linkages in the lignin. 
Other information, from such studies, such as the variance of the vanillin to 
syringaldehyde ratio with changing reaction conditions and the effect, on the 
aldehyde vield, of a prior treatment of the wood meal with alkali, could be 
interpreted with respect to the hardwood lignin structure. Little is known con- 
cerning the relative amount and the mode of linkage of the guaiacyl- and 
syringyl-containing nuclei in the protolignin of angiosperms. 

For these experiments small (ca. 40 mgm.) samples of solvent extracted aspen 
wood meal were oxidized and the reaction mixture analyzed according to the 
procedure of Stone and Blundell (14). The results are given in Table I. 


TABLE I 
VARIATION OF ALDEHYDE YIELDS WITH TEMPERATURE® 








Temp., °C. +5° 





100 130 150 ~~ = 160 170 180 195 2004 2154 
Syringaldehyde %° 0.77 11.9 32.2 33.8 35.8 36.2 30.2 23.1 17.3 
0.91 11.9 32.5 31.8 36.8 34.2 33.6 20.8 20.8 

32 5 


35.8 (38°2 (36'6 34.0 26. 


| 
33.4 35.6 35.2 |36.6 
32.7 35.6 
35.4 
Mean % 0.85 11.9 32.7 34.6 35.9 35.5 32.6 23.4 18.9 
Vanillin %* 0.95 3.82 11.4 13.3 14.3 14.0 15.0 8.45 9.1 
1.51 3.96 11.5 12.2 17.5 13.9 13.0 8.25 10.3 
11.5 13.2 f15.4 f15.1 14.3 9.45 
11.8 13.5 \14.6 \16.3 
11.5 13.5 
13.7 
Mean % 122 3.84 11.5 13.3 15.6 14.5 14.1 8.66 9.64 
Total mean % 2.07 15.7 44.2 47.9 51.5 50.0 46.7 32.1 28.5 
Ratio S/V 0.70 3.1 2.84 2.60 2.30 2.45 2.31 2.70 1.96 





*Each experiment was maintained at the stated temperature for two and one half hours but 
required from one half to one and a half hours to reach this temperature. 
‘Reported as percentage by weight of the Klason lignin. 
‘Bracketed results refer to duplicate chromatograms from the same oxidation product. 
_ Less significance should be given to these values; see text. 


It is significant that, at a temperature of 170-180°, the maximum yield of 
each of the individual aldehydes is obtained. This observation suggests that 
similar linkages are being cleaved to release each type of aldehyde. The 
decreasing ratio of svringaldehyde to vanillin with increasing temperature 
suggests that the 4-hydroxy grouping of the former is released more readily 
than that of the latter. Some support for this idea is found in the known ready 
selective demethylation of 3,4,5-trimethoxyphenyl compounds to the 3,5- 
dimethoxy-4-hydroxyphenyl derivatives. A similar decreasing ratio of svringal- 
dehyde to vanillin was noted by Chisholm (5) in experiments wherein condi- 
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tions of progressively stronger severity of the alkaline nitrobenzene oxidation 
of aspen wood were made. These included experiments with no added nitro- 
benzene, with nitrobenzene at reflux temperatures, and with nitrobenzene at 
160°C. 

At the higher temperatures (200° and 215°) an increasing number of un- 
known interfering compounds began to appear on the developed chromato- 
grams and therefore the absorption recorded may not have been due to the 
aldehydes only. Up to 195° however, this presented no problem since a com- 
parison of the ultraviolet spectra of individual spots with those of authentic 
aldehyde samples showed excellent agreement. 

On the basis that lignin may be represented as a polymer of phenvlpropane 
units and that the major part of the wood methoxy! is associated with this 
lignin, then the total vield of aldehydes obtained represents only about a 60% 
recovery of the lignin both on a weight and on a methoxyl basis.* This con- 
sistent maximum total aldehyde vield was found even in experiments carried 
out at a lower temperature of 130°+.5° but for an extended time and in those 
at 170° for periods longer than the normal two and one half hours. These data 
are given in Table IT. 


TABLE II 
VARIATION OF ALDEHYDE YIELDS WITH TIME* 

















At 130+5°C. At 170+5°C. 
2.5hr. 4hr. 8hr. 13hr. 19 hr.¢ 2.5hr. Shr. 
Syringaldehyde %* 11.9 25.8 32.7 33.4 31.8 35.8 34.6 
11.9 24.5 32.2 33.5 30.9 36.8 35.9 
26.2 35.2 35.2 

rs 35.2 
Mean % 11.9 25.2 32.5 33.5 29.2 35.9 35.2 
Vanillin %? 3.82 7.94 11.0 11.9 12.0 14.3 13.1 
3.86 8.18 11.0 12.4 11.8 17.5 14.1 
11.4 15.4 13.8 

11.2 14.6 
Mean % 3.84 8.06 11.0 12.2 11.6 15.6 13.7 
Mean total 15.7 33.3 43.5 45.7 40.8 51.5 48.9 

aldehydes % 


Ratio S/V 3.10 3.13 2.95 2.74 2.50 2.30 2.57 








*Time does not include that required to reach the reported temperature. 
*Reported as percentages by weight of the Klason lignin. 
‘This chromatogram showed presence of additional products; see Table I. 


From these results it would appear that only part of the lignin has linkages 
amenable to cleavage to the simple aldehyde by this treatment. This may be 
interpreted to suggest that protolignin is a polymer of a repeating unit com- 
prising a part from which the phenolic aldehydes arise and another part of 


*It has been shown by A. J. McNamara in these laboratories that no change in total alkoxyl 
occurs during the alkaline nitrobenzene oxidation treatment of aspen wood at 160° four two hours. 
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which little is known, rather than a simple polymer of a single phenylpropane 
structure. 

The liberation of phenolic aldehydes by this oxidative process means that 
two processes at least are occurring, namely, that whereby the free phenolic 
group is released and that whereby the carbonyl group is established. It seems 
likely that these two reactions occur for the most part independently of each 
other. Therefore it would be of interest to arrive at the same final result but 
by means of two separate reaction stages. Experiments were conducted to 
determine the aldehyde yields as a result of an alkaline treatment alone at 160° 
and others to determine the effect of a similar alkaline treatment of the wood 
meal prior to the addition of nitrobenzene with subsequent heating under 
standard conditions. The results are compared in Table III. 


TABLE III 
VARIATION OF ALDEHYDE YIELDS WITH MODE OF ALKALINE TREATMENT 





With sodium hydroxide only, Sodium 








With sodium prior to nitrobenzene hydroxide 
hydroxide only addition and 
nitrobenzene 
2.5 hr. 5 hr. 2.5 hr. 5 hr. 2.5 hr. 
Syringaldehyde % 2.44 Lad 23.5 21.4 
; 2.94 1.95 23.6 21.4 
2.20 24.5 
1.97 21.7 22.2 
19.5 
21.9 
Mean % 2.46 1.86 22.6 21.7 34.6 
Vanillin % 1.41 0.59 10.2 8.12 
1.76 0.98 10.6 8.99 
1.46 10.5 8.10 
1.13 9.42 
8.35 
8.55 
Mean % 1.44 0.79 9.65 8.74 : 13.3 
Mean total aldehydes % 3.90 2.65 32.3 30.4 47.9 
Ratio S/V 1.69 2.36 2.34 2.48 2.60 





The small yields of aldehyde obtained using alkali without nitrobenzene 
suggest the existence of a small percentage of much more readily cleaved units, 
e.g. those that are terminal. Or such yields may be the result of an hydrolysis 
and/or an alkaline oxidation reaction aided by the fact that no attempt was 
made to exclude the air in sealing the microbombs or that dissolved in the 
reagents. Of greater interest is the marked decrease in the yields of aldehydes 
that result if a prior alkali treatment at 160° is given the wood meal. This may 
mean that, by this treatment, part of the linkages have been modified so that 
it is no longer possible for them to be cleaved to yield the phenolic aldehydes. 
Whether this interference is concerned with the liberation of the phenolic or 
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aldehydic groups or whether it involves secondary reactions (see below) 
remains to be shown. Experiments are in progress to determine, by analvsis, 
the extent of the individual liberation of the phenolic and carbony! functional 
groups under varving conditions. Such information would assist in determining 
the mechanism by which the aldehydes are released. 

Such a secondary reaction as mentioned above is that pointed out recently 
bv Brickman and Purves (3) and Hlava and Brauns (7). These authors showed 
that under conditions of alkaline nitrobenzene oxidation similar to those used 
in this work, namely, 160° for three hours and 180° for two hours respectively, 
veratraldehyde is converted to vanillin in approximately 30% vield. Since 
vanillin itself is essentially unchanged by such a procedure (14) a major portion 
of the veratraldehyde has undergone other reactions, likely the Cannizzaro 
oxidation—reduction change (6). If a similar reaction for both the guaiacyl and 
svringv] nuclei were occurring during the oxidation of wood lignin, it would 
account for the low total aldehyde vields and also suggest that the carbonvl- 
releasing reaction is more rapid than that whereby the phenol hydroxyl is 
liberated. If the reverse were true verv little of the liberated vanillin would 
undergo further reaction and higher vields might be expected. In order to gain 
some experimental evidence for or against these ideas, other model substances 
were similarly oxidized at 160° for two and one half hours and the vields of the 
corresponding phenolic aldehydes determined. These results are given in 


Table IV. 


TABLE IV 
OXIDATION OF MODEL LIGNIN SUBSTANCES 











Molar recovery, % 
Model substance —_-—_—_ -——- - Remarks 
Vanillin  Syringaldehyde Mean 





Vanillin 99.3 According to Stone and 
96.4 Blundell (14) corrected 
97.8 a7 8 for chromatographic losses 
Veratraldehyvde 31.3 No unchanged veratraldehyde 
30.6 Reported bv Brickman and 
31.9 21:3 Purves, 29.7 and 34.2% 
8-p-Glucovanillin® OS. 4 
7.0 
67.8 69.6 
Svringaldehvde 93.0 Uncorrected for 
86.0 89 5 chromatographic losses 
3,4,5- Trimethoxy 12.5 No unchanged 3,4,5- 
benzaldehyde 9.5 trimethoxybenzaldehyde 
it :2 
3.2 
9.1 107 
3-p-Glucosy ringaldehvde 69.2 
746 rh 


*Sample donated by Dr. A. C. Netsh, National Research Council, Saskatoon 
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The chromatogram of the product of oxidation of the 8-p-glucovanillin showed 
one other spot only which had the same KR; value as the starting material. This 
may mean that no other serious side reaction is occurring as was the case with 
the two methylated derivatives. 

In the light of both the small recovery of phenolic aldehydes, especially 
svringaldehyde, from their fully methylated derivatives and of the amounts 
obtained from the wood, it seems likely that these nuclei are not joined by 
means of phenolic alkyl ether linkages if the liberation of the carbonyl grouping 
is the major primary reaction. On the other hand, should these nuclei be 
involved in phenolic glycosidic linkages, nothing can be said about the relative 
rates of release of the two functional groupings. It would seem that under these 
circumstances, whereby both aldehydes are released at the same rate, evidence 
is presented that suggests that in the aspen protolignin, a larger number of 
syringyl than guaiacy! nuclei exist. 


EXPERIMENTAL 
Aspen Wood Meal 

Native Saskatchewan aspen sapwood (Populus tremuloides) was ground in a 
Wiley mill (20 mesh), extracted* with ethanol-benzene (4:1) for 48 hr., then 
with ethanol for 36 hr., thoroughly washed with hot water for eight hours, 
and air-dried. Anal.: Klason lignin, 16.5; moisture, 7.65; ash, 3.77°%.** 
Oxidation and Chromatographic Procedures 

The general methods of microoxidations of plant material, the chromato- 
graphic separation of the oxidation products, and the spectrophotometric 
determination of the concentration of aldehydes were those described in detail 
by Stone and Blundell (14). All oxidations were made using 35-50 mgm. 
samples of wood meal and around 10 mgm. samples of pure compounds. The 
chromatograms were developed for two to two and one half hours using a 
solvent of m-butyl ether saturated with water. The presence of the aldehyde 
spots were revealed by spraying with the ferric chloride — potassium ferri- 
cvanide reagent (1). The standard concentration vs. optical density curves 
were those described previously (13). All results of the wood oxidations are 
expressed as percentage yields by weight based on the amount of Klason 
lignin in the ash-free oven-dried sample. No corrections were made for chroma- 
tographic loss so the results represent minimum values. 

For those experiments involving a prior alkaline treatment, only the wood 
meal and the sodium hydroxide solution were heated initially. After the mix- 
ture was cooled, the microbombs were opened, the nitrobenzene added, and 
the bombs again sealed and heated under standard conditions. 

Synthesis of Model Substances 


/ 


3,4,9-Trimethoxvbenzaldehyvde.—Syringaldehyde was methylated with = di- 
methyl! sulphate in alkaline solution according to the standard procedure (4). 
*The extractions and washinys were carried out by Mr. A. MeNamiuara in these laboratories 


**The high ash content is belteved duc to the use ef a copper condenser during the extensive 
extractions. 
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3.4,5-Trimethoxy benzaldehyde was recovered in 44.5°¢ vield, m.p. 73-74°C., 


reported, 74-75°C. The oxime was prepared in high yield, m.p. 81-84°C., 
reported, 82-S4°C. 


8-D-Glucosyringaldehyde 


Tetraacety!-8-b-glucosyringaldehyde.—The method used was similar to that 


reported by Kratzl and Billek (8). Acetobromo-b-glucose (1.5 gm.), potassium 


carbonate (0.6 gm.), and svringaldehyde (0.67 gm.) were dissolved in a mixture 


of 


acetone (13 ml.) and water (7.7 ml.). After six hours at reom temperature, 


the acetone was removed under reduced pressure and the residue extracted 


with benzene. After washing with dilute potassium hydroxide and drying 


over sodium sulphate, the benzene solution was concentrated under reduced 


pressure and the resulting tetraacetyl-6-D-glucosyringaldehyde recrystallized 


from benzene, vield, 1.3 gm. 


Deacetylation of Tetraacety!-8-p-glucosvringaldehvde 


The method of Zemplén and Pacsu (15) was followed. The crude product 


(1.3 gm.) obtained in the preceding step was warmed on a water bath with 
methanol (3.3 ml.) and V, 10 sodium hydroxide (0.33 ml.). From the resulting 
solution, an orange-vellow colored precipitate resulted after one to two 
minutes, yield, 0.7 gm. After recrystallization twice from ethanol—water (4:1), 
m.p. 201-204°C., reported, 210-211°C. 
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THE REACTION OF METHYL RADICALS 
WITH CH;CHO AND CH;CDO'! 


By P. AusLoos? AND E. W. R. STEACIE 


ABSTRACT 


Azomethane has been photolyzed in the presence of CH;CHO and CH;CDO, 
and the results compared with the direct photolysis of the aldehydes. The activa- 
tion energies found were 6.8 and 7.8 kcal./mole, respectively, for the reactions 
CH;+CH;CHO— CH,+CH;CO { 
CH;+CH;CDO— CH;D+CH;CO. { 
The results furnish evidence that only an acyl hydrogen is captured. Evidence 
has also been found for the occurrence of wall reactions and the disproportionation 


reaction 
CH;+CH;CO— CH,+CH:CO. 


INTRODUCTION 


By decomposing di-f-butyl peroxide in the presence of CH;CHO, Volman 
and Brinton (6) obtained a value of 7.5+0.3 kcal. for the activation energy 
for hydrogen abstraction by methyl from CH;CHO, This value lies well below 
most previous estimates. Its acceptance has explained a number of anomalies 
in the acetaldehyde photolysis, and the value is therefore of considerable 
importance. 

Up to the present no value has been obtained for the activation energy of the 
companion reaction 

CH;+CH;CDO — CH;D+CH;CO. 


Also, there has been no definite proof whether it is an acyl or a methyl hydrogen 
which is captured in the reaction (4), although the acyl hydrogen is far more 
probable on general grounds. 

The purpose of the present work was to compare the rates of abstraction © 
from CH;CHO and CH;CDO, to obtain a check on the activation energy of 
the abstraction reaction using a different source of methyl radicals, and to 
determine whether an acyl or a methyl hydrogen is captured in the abstraction 
reaction. Azomethane has been used as a source of methyl radicals, since it 
can be photolyzed at wave lengths greater than 3400 A where acetaldehyde is 
transparent. It can thus be photolyzed without complications due to the 
simultaneous photolysis of the aldehyde. The photolysis of CH;CHO and 
CH;CDO has also been investigated very briefly at 3130 A in order to compare 
the results with those obtained with azomethane—acetaldehyde mixtures at 
longer wave lengths. By using relatively low pressures of acetaldehyde and 
higher intensities (1-5 X 10'* quanta per cc. per sec.) than have usually been 
used in the past, it is possible to obtain measurable amounts of ethane and 
thus to determine values of Rex, Reng in the photolysis of acetaldehyde itself. 

"Manuscript received September 17, 1954. 

Contribution from the Diviston of Pure Chemistry, National Research Council, Ottawa, Canada. 
Issued as N.R.C. No. 3448. 


* National Research Council of Canada Postdoctorate Fellow, 1952-54. Present address: Departe- 
ment de Chimie Physique, Université Laval, Québec. 
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EXPERIMENTAL 
Acetaldehyde-d was prepared by Dr. L. C. Leitch (5) of this laboratory by 
the reaction sequence 
D.O 
CH;CH2NO: @ CH;CD:NO, 


H,SO, (6.1) 
CH:CD:NO: —— > CH:CDO+ HDO+N.0. 


Mass-spectrometer analysis indicated that the CH;CDO contained about 
one per cent CHzDCDO and less than five per cent CH;CHO. 

The light source was a Hanovia S-500 medium pressure mercury arc. The 
cylindrical quartz reaction cell, 10 cm. long, 5 cm. diameter, was completely 
filled by a nearly parallel light beam. Four types of filter were used to limit the 
incident radiation to longer wave lengths: 

Corning clear chemical glass 774 (0-53), 
Corning 586 (7-37), 

Corning 738 (0-52), and 

Corning 970 (9-53). 

The apparatus was essentially similar to that used in previous investigations. 
The methane, No, CO fractions were taken off at liquid nitrogen temperature 
and CO determined by passing over hot CuO. Further analysis was done with a 
mass spectrometer. The ethane fraction was separated at —170°C., and 
occasionally checked by mass-spectrometer analysis. 

RESULTS AND DISCUSSION 
(A) The Reaction of CH; with CH;CHO 


When azomethane is photolyzed in the presence of CH;CHO the following 
reactions may be considered: 


CH3NNCH;3+Av — 2CH3+N2 [3] 
CH3;+ CH; a CsHe [4] 
CH;+CH;NNCH; — CHi+CH2NNCH; [5] 
CH;+CH;CHO — CH,+CH;CO (1) 
CH,;CO -> CH;+CO [6] 
CH;+CH;CO — CH;COCH; [7] 
2CH;CO — CH;COCOCH; [8] 
CH;+CH;CO — CHy+CH:CO [9] 
2CH;CO — CH,;,CO+CH;CHO [10] 


If reaction [9] is neglected for the moment, then 


k R k 
oe (<= ob ae (CHANNCH.! ) / [CH;CHO]. 
ki Rion ki 


The values of k,/ks which are required in the calculations have been taken 
from an experimental Arrhenius plot for azomethane alone (1). 

The results of runs at different temperatures, intensities, and concentrations 
are given in Table I. As can be seen from Fig. 1 (Curve B), a plot of logRcx,/ 
Rin, [Ald] against 1/7 gives a straight line, except at temperatures below 
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TABLE I 
THE PHOTOLYSIS OF AZOMETHANE IN THE PRESENCE OF CH;CHO 





























Temp., Time, Pressure, cm. Rate, cc./min. X 104 Ay 10" 
<= min. CH;NNCH; CH;:CHO N: CH, CG:He CO rh le 
27 713 5.50 0.80 1.16 0.435 0.57 _ 8.5 
27 73 6.48 0.82 10.5 1.77 7.6 “= 9.1 
27 33 4.39 0.80 vw. 232 Wa a 9.7 
27 20 5.20 0.72 54.0 4.25 43.5 — 11.0 
27 28 2.60 4.10 18.7 8.40 10.7 1.52 9.7 
51 20 5.29 1.23 39 8.95 28.25 0.855 19.4 
51 35 1.8 4.4 14.3 12.4 5.80 2.10 19.6 
73 61 6.10 0.90 8.6 3.9 3.11 0.73 30.7 
72 35 5.12 0.75 17.6 5.4 9.30 1.35 29.5 
72 75 3.89 1.29 22.3 8.80 12.1 2.10 29.3 
91 62 5.28 1.52 27.8 17.4 9.45 5.35 52.0 
93 25 3.56 2.62 25.1 23.7 8.40 9.70 55.0 
110 30 §.33 0.80 27.0 8.90 4.66 3.60 81.0 
115 60 4.88 1.83 26.7 22.5 5.60 12.20 90.0 
132 60 5.41 1.37 28.5 22.7 4.17 11.40 135.0 
146 22 4.92 1.08 36.4 26.8 5.45 14.6 175.0 

146 20 4.45 2.50 33.8 45.7 4.35 29.0 172.0 
165 20 5.50 0.98 40.2 29.0 3.6 12.8 250.0 
165 25 4.07 2.8 30.6 53.0 3.20 35.5 230.0 
-10.5 T 
4 
-1.0r- “| 
Se 
=| =<1.5 = 
© 
° 
a 
“!2.0r- 7 
| | | | 
125 "39 2.4 2.8 32 3.6 
1/T x1073 


Fic. 1. Arrhenius plot of Ron,/Ré.n,{Aldehydel. 
Curve A—CH;CHO photolysis. 
Curve B—Photolysis of azomethane in the presence of CH;CHO. 
Curve C—Photolysis of azomethane in the presence of CH;CDO, containing 5% CH;CHO. 


75°C. where curvature is evident. (The units of & throughout are cm.°, 
molecules, sec.) 

From the first four runs at 27°C., it may be concluded that Rep, ‘Royal Ald] 
decreases with decreasing intensity as shown by Fig. 2. This can be explained 
by the occurrence of the disproportionation reaction [9]. Evidence for the 
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INTENSITY 


Fic. 2. The effect of intensity at 27°C. on the photolysis of azomethane in the presence of 
CH;CHO, 


occurrence of this reaction has been found in the photolysis of acetone (2) 
and biacetyl (3) as well. When the curve in Fig. 2 is extrapolated to zero 
intensity, a value of 8.4 X 10—* is obtained for k,/k,*. This is still higher than 
the value obtained by extrapolation of the linear portion of curve B in Fig. 1. 
This is therefore not due to reaction [9], and it is suggested that wall effects 
occur as well at low temperatures, as is the case with acetone and biacetyl. 

From the slope of curve B in Fig. 1 at temperatures above 75°C. an activa- 
tion energy difference F,—3F, of 6.8 kcal. is obtained. Since Ey = 0, £,=6.8 
kcal. This is in excellent agreement with the value found by Volman and 
Brinton, whose results are also given in Fig. 1. The lower value for FE; may 
therefore be considered to be established. 
(B) The Photolysis of CH;CHO 

A few experiments were also made on the direct photolysis of CH;CHO. A 
Corning Filter No. 970 (opaque at wave lengths below 2900 A) was used, so 
that the light absorbed by acetaldehyde consisted mainly of the 3130 A group 
of lines. The results are given in Table II. The rate of hydrogen formation has 
not been included since it was always too small to measure with any great 
accuracy. An Arrhenius plot of Reu,/Réyug(CHsCHO] is given in Fig. 1 (Curve 


TABLE II 
PuHotTotysis oF CH;CHO 

















Temp., Time, Pressure, Rate in ce. /min. X 10¢ Ron, 10'3 
( a mun. ci. é H, CoH, CoO Ré,y,{CHsCHO] 
27 30 3.78 11.0 4.65 17.0 21.6 
50 20 3.40 10.8 6.20 24.5 34.5 
92 15 3.45 33.0 6.42 38.0 73.2 
148 20 3.13 79.5 7.48 40.0 202.0 
146 13 3.45 101.0 8.85 120.0 217.0 
165 6 3.53 148.0 10.8 160.0 297 .0 
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A). A curved line is obtained which at higher temperatures appears to become 
parallel to the line obtained by photolyzing azomethane in the presence of 
CH;CHO. The curvature may largely be explained by the direct formation of 
some methane in the primary step. However, in the light of the azomethane 
results it is probable that the curvature also results in part from reaction [9] 
and from wall reactions. In spite of these complications the results indicate 
that at higher temperatures methane mainly results from reaction [1]. 


(C) The Reaction of CH; with CH;CDO 
When azomethane is photolyzed in the presence of CH;CDO the same 
reaction scheme holds as for CH;CHO, except that in place of [1] we have 


CH;+CH;CDO — CH;D+CH;CO. [2] 
Also we may consider the possible reaction 
CH;+CH;CDO — CH,+CH:CDO. {11} 
If it is assumed that only an acyl hydrogen is captured, then 
Reu;p a ko 





. Réayu(CH;CDO] ke 
and = 
Ren, os ks 
Réug(CHsNNCH;] kt 


The values of ke/k,? and ks/k, given in columns 9 and 10 of Table III have been 
calculated in this way. In Fig. 3 curve F, the triangles represent the values of 
log ks/ks?, while the line drawn through them represents the results from the 
photolysis of azomethane alone. It is evident, therefore, that reaction [11] 
does not occur to an appreciable extent (i.e. not over five per cent of [2]) 
since all the CH, found can be accounted for by abstraction from azomethane. 
The small amount of CH;CHO present in the CH;CDO is not sufficient to ° 
alter the results appreciably. 

The fact that no C.HsD or C:H,D, could be detected in the ethane fraction 
is further proof that no hydrogen atoms are captured from the methyl group 
of CH;CDO. Also no CH:D», was found in the methane fraction, which, as 
Blacet and Brinton point out (4) excludes a mixed mechanism. 

An Arrhenius plot of k:/k,? (curve E) gives an activation energy of 7.9 kcal. 
for reaction [2], as compared with 6.8 kcal. for [1]. 

A very small amount of curvature is present in the log k2/k,! plot at low 
temperatures. Since this plot involves CH;D, the curvature cannot result from 
the disproportionation of methyl with acetyl, since all the acetyl radicals are 
CH;CO. It is therefore probably to be explained by wall reactions. 

No curvature was found in the ks/k,? plot (curve F). In this case the reaction 

CH;+CH;CO — CH,+CH:CO [9] 
would cause such curvature. Its absence is presumably due to the much smaller 
rate of abstraction from CH;CDO as compared with CH;CHO (a factor of 20). 
This results in a much smaller concentration of acetyl, and the effect of reaction 
[9] is apparently negligible. 
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Fic. 3. The photolysis of CH;CDO. 
Curve D—Arrhenius plot of Rou,v/RdenanelAldehyde] for the direct photolysis of CH;CDO, 


Curve E—Arrhenius re of Rox,p /Rhnanel Aldehyde] for the photolysis of azomethane in the 
presence of CH;CDO. 


Curve F—Arrhenius plot of Rom, /Ré,u,{Azomethane] for the photolysis of azomethane in 
the presence of CH;CDO. 


(D) The Photolysis of CH;CDO 

The photolysis of CH;CDO was briefly investigated. A Corning 970 filter 
was used so that absorption was mainly of the 3130A group of lines. The 
results are given in Table IV. The fraction coming off at —195°C. consisted 
of CO, CH, and CH;D. No CH:2Ds, De, or H: was found by mass-spectrometer 
analysis, so that they amounted to less than one per cent of the products. The 
ethane fraction consisted mainly of C,Hs (~60%); considerable amounts of 
deuterated ethanes were also present. Only the total ethane has been given in 
Table IV. 

In Fig. 3 (curve D) an Arrhenius plot of Reny/Rbeanel(CHsCDO] is given. 
A large curvature is present at low temperatures, while at higher temperatures 
the plot becomes parallel to the one found when azomethane is photolyzed in 
the presence of CH;CDO. This appears to indicate that at high temperatures 
CH;D is mainly formed by reaction [2], while at low temperatures the occur- 
rence of the primary step 


CH,CDO+hv + CH;D+CO [12] 
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explains largely the excess of CH;D responsible for the curvature in the Arr- 
henius plot. 

Considerable CH, is formed in addition to CH;D. This may be accounted 
for by the presence of about five per cent CH;CHO in the CH;CDO sample. 
Since abstraction by methyl is about 20 times faster from CH;CHO than from 
CH;CDO, even five per cent of CH;CHO has a large effect. In Fig. 1 (curve C) 
an Arrhenius plot is given for this methane, i.e. a plot of Rew,/Rérnanel Alde- 
hyde]. Since the exact amount of CH;CHO present is somewhat uncertain, but 
its percentage is constant, we have used the total aldehyde concentration. 
The actual value of the ratio Rcx,/ /R3 nane[CH 3CHO] will therefore be approxi- 
mately 20 to 25 times higher than the figures plotted in Fig. 1, and the results 
will therefore coincide approximately with the linear portion of curve A as 
they should. From the slope of curve C a value of 6.4 kcal. is obtained for Fi, 
in excellent agreement with the value of 6.8 kcal. obtained by photolyzing 
azomethane in the presence of CH;CHO. 

It may be noted that the deviation from linearity is each less for curve C 
than for curve A. This is to be expected since the relatively fast abstraction by 
methyl from CH;CHO as compared with CH,CDO, causes a small amount of 
CH;CHO to have an important effect on the abstraction reaction. There is, 
however, no reason to suppose that reaction [11] will be more important for 
CH;CHO than for CH;CDO. 

If CH, was also produced by abstraction from the methyl group 

CH;+CH;CDO — CH,+CH;CDO, [13] 
a higher activation energy than 6.8 kcal. would be expected, and CH:2D, 
should also be produced. It may therefore be concluded that reaction [13] 
does not occur to an appreciable extent. However, no explanation can be given 
for the production of a considerable amount of C.H;D and C;H,D2. 

Since there is no appreciable abstraction from the methyl group in CH;CDO, 
in spite of the higher acy! C—D bond strength, it is evident that no appreciable 
abstraction from the methyl group in CH;CHO will occur. 
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THE PHOTOLYSIS OF BIACETYL! 
By P. AusLoos? AND E. W. R. STEACIE 


ABSTRACT 


The photolysis of biacetyl has been reinvestigated. The results are, in general, 
in excellent agreement with those of Blacet and Bell. Curvature occurs at low 


temperatures in the Arrhenius plot of Rcn,/Rc,u,|Biacetyl], and this is attributed 
to wall reactions, and to the disproportionation reaction 

Azomethane—biacetyl mixtures have been photolyzed to give further information 
on these points. An activation energy of 8.5 kcal. has been found for the reaction 
of methyl radicals with biacetyl. 


INTRODUCTION 
The photolysis of biacetyl has been thoroughly investigated by Blacet and 
Bell (4, 3). It has, however, been thought to be worth reinvestigating the 
reaction, especially in the low temperature region, to see if there were anomalies 


-similar to those which occur with acetone. In particular we were interested in 


the possibility of complications due to wall effects and to the possible occur- 
rence of the disproportionation reactions 
and 

CH;CO+CH;CO — CH;CHO+CH,CO. 
In addition azomethane was photolyzed in the presence of biacetyl to obtain 
a further check on the activation energy of the reaction of methyl radicals 
with biacetyl. 


EXPERIMENTAL 


The reaction cell was a quartz cylinder 10 cm. long and 5 cm. diameter, with- 
a volume of about 170 cc. A Hanovia S-500 medium pressure mercury arc was 
used for most of the experiments. For a few runs a B.T.H. ME/D 250 w. 
compact source lamp was used to obtain higher intensities. The reaction cell 
was completely filled by a nearly parallel light beam. The intensity was varied 
by means of neutral density filters of chromel deposited on quartz. No other 
filters were used, except where mentioned. The remainder of the apparatus 
was essentially similar to that described in previous papers from this laboratory. 

Reagent grade biacety! (Eastman white label) was used, and was distilled 
in vacuum with the rejection of a large head and tail fraction. 

The analysis of the products was done in the usual way by taking off the 
CO, CH, or CO, CHg, Ne fraction at liquid nitrogen temperature. In CO, CH, 
samples the CO was determined by hot copper oxide. The samples containing 
nitrogen were analyzed with a mass spectrometer. The C,H¢ fraction was 

1 Manuscript received September 17, 1954. 
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TABLE I 
PHOTOLYSIS OF BIACETYL 
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taken off at —175°C., and the ketene fraction at — 135°C. Both fractions were 
occasionally checked with a mass spectrometer. 
RESULTS 

Table I gives the results of runs at temperatures between 27 and 200°C., 
and relative intensities varying by a factor of 20, where a relative intensity of 
1 corresponds to an absorbed intensity of about 2 X 10'* quanta/sec. The 
amount of ketene formed was measured in only a few experiments. Velocity 
constants throughout are expressed in units of cm.*, molecules, sec. 

Table II gives the results obtained by photolyzing azomethane in the 
presence of biacetyl. For these runs a Corning 738 filter was used, which cut 
off wave lengths below 3400 A. 

The results in the last columns of Tables I and II, together with the results 
of Blacet and Bell, are plotted in Fig. 1. Table III and Fig. 2 show the effect 
of varying the intensity by a factor of 200 at 27°C. and constant biacetyl 
concentration. 














atlas, ane l l 
-1-5 a + 
+ \ 
F sash fs “4 
a 
-13-0 = 
ra 
Oo 
oo ae L oi l 
2-0 24 2-6 32 36 
1/tx108 


Fic. 1. Arrhenius plot of k./ks? for the biacety! photolysis. 
O Photolysis—relative intensities—lower curve, | 
—upper curve, 20. 
A. Photolysis—-results of Blacet and Bell. 
@ Photolysis of azomethane in presence of biacetyl. 


DISCUSSION 
To explain their results Blacet and Bell proposed the following secondary 


reactions: 





Ui rena Sons 
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CH:CO — CH;+CO {1] 
CH;+CH;CO — CH;COCH; [2] 

2CH;3 ii C.He [3] 
CH;+CH;COCOCH; — CHi+CH:COCOCH; [4] 
CH2COCOCH; — CH:CO+CH;CO [5] 
CH;+CH;COCOCH; — CH;COCH;+CH;CO [6] 
CH;+CH:COCOCH; — C;Hs;COCOCHs; (7] 
2CH;CO — CH;COCOCH; (8] 


Activation Energy of the Abstraction Reaction 
If ethane and methane are formed only by reactions [3] and [4], then 


Ren, es ka 
Réda[Biacetyl] ks? 





so that a straight line may be expected on plotting the L.H.S. against 1/T. 
The results given in Table I and Fig. 1 confirm this for the high-temperature 
region. However, at low temperatures a curvature becomes apparent in the 


_ Arrhenius plot. We have also shown Blacet and Bell's results in Fig. 1. Although 


their original plot was not drawn so as to show curvature, it is evident that if 
the two highest temperature points are ignored it is possible to draw a line 
through their remaining points which is strikingly similar to ours. The two 
plots thus drawn have the same slope and lead to an activation energy differ- 
ence E,—}3E; of 8.5 kcal., or assuming E; = 0, Ey = 8.5 kcal. 


Wall Reactions 


Fig. 1 also shows the results of experiments in which azomethane was 
photolyzed in the presence of biacetyl. The effective wave length was 3660 A. 
Biacetyl also absorbs slightly under our conditions, but the amount decomposed 
was negligible compared with azomethane decomposed. This is shown by the 
very small amount of CO formed at room temperature. At this temperature 
CO is a measure of the amount of biacetyl photolyzed because of the unimpor- 
tance of reactions [5] and [6]. At higher temperatures CO is formed by [5] and 
[6] from radicals resulting from the photolysis of azomethane. 

When azomethane is photolyzed in the presence of biacetyl, the following 
reactions have to be taken into account to explain the formation of methane 
and ethane. 


CH;NNCH;+hv — 2CH3;+Ne2 [9] 
2CH; > C2He [3] 
CH;+CH;NNCH; — CH,+CH:NNCH; [10] 
CH;+CH;COCOCH; — CH,+CH:COCOCH; [4] 


whence 


k;? 





Rin te 
_ “( a [CHNNCHz]) / [CHsCOCOCH;] . 


Rion ks} 


The values of kio/ks? have been taken from an experimental plot for the photo- 
lysis of azomethane alone (1). From Fig. 1 it is evident that the results agree 
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excellently with those from the photolysis of biacety] itself. It is also apparent 
that curvature is still present in the Arrhenius plot, although there is none in 
the plot for azomethane itself. It is suggested that the curvature results from 
wall effects at lower temperatures where the diffusion of radicals to the wall 
is of more importance. More conclusive evidence for this will be discussed in a 
forthcoming paper (2). 
Disproportionation of Acetyl 
It is suggested that the reactions 
CH;+CH;CO — CH,+CH:CO [11] 
and 
2CH;CO — CH: <a Poegmaraoneed [12] 
also occur. If this is so, the ratio Ren,/Résa,(CHsCOCOCH,] will become inten- 
sity dependent, i.e. 
Ren, 
—_— = — *. (CH;COCOCH3] — ~ [CH;CO]. 
| ks} ks} 


To check this two series of runs were carried out at relative intensities which 
differed by a factor of 20. Fig. 1 shows that variation in intensity has little 
effect at temperatures above 100°C. At 27° however Ren,/Ré oagl CHsCOCOCHS] 
decreases appreciably with intensity as may be expected if reaction [11] occurs, 
since CH;CO radicals will be more stable at room temperature. 

The amount of ketene formed was also measured at a few temperatures. 
From 200° to 137°C. a sharp decrease in ketene was observed (Table I) in 
agreement with the results of Blacet and Bell who measured the ketene formed 
at 200°, 150°, and 100°C. They explain the formation of ketene by reaction [5]. 
If this has an appreciable activation energy the drop in ketene with decreasing 
temperature is to be expected. If reactions [11] and [12] are neglected, the ratio 
takes the form 





[(CH,;CO]__ ,, ky 
[CH] | = ( a (cH) ’ 


Since EF; > E;, this predicts a drop in the ratio of ketene to methane with 
decreasing temperature, as is observed from 200° to 137°C. There are, however, 
three anomalies all of which point to the occurrence of [11] or [12]. (a) There is 
always an increase in the ratio CH,CO/CH, with increasing intensity. (b) At 
temperatures below 137°C., the rate of ketene formation begins to increase 
again. At room temperature the ratio CH2,CO/CH, is larger than unity. (c) 
Mass-spectrometer analyses indicated the presence of acetaldehyde as a reaction 
product. 

In order to obtain more definite information on these points, a series of runs 
were made itn which the intensitv was varied over a wider range (by a factor of 
200). For these runs the temperature was 27+ 1°C., and the biacetyl pressure 
was 2.3 cm. The results are given in Table JII and Fig. 2. Fig. 2 indicates a 
considerable increase in the ratio Reu,/Régug{(CHsCOCOCH] with increasing 
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intensity. If the curve in Fig. 2 is extrapolated to zero intensity a value of 
0.65 X 10-!3 is obtained for the ratio. This is higher than the value which 
would be expected from an extrapolation of the straight-line portion of the 
Arrhenius plot in Fig. 1. The curvature in Fig. 1 is thus in part but not solely 
due to disproportionation of acetyl radicals. The residual curvature is probably 
due to diffusion effects accompanying wall reactions. 

The fact that the ratio CH,x,CO/CH, becomes considerably higher than 1 at 
high intensities indicates that there is a further source of ketene in addition 
to reaction [11]. As pointed out previously the presence of acetaldehyde suggests 
reaction [12]. The direct production of acetaldehyde in the primary step 

CH;COCOCH;+ Av — CH;CHO+CH.CO 
is unlikely on the basis of Blacet and Bell’s results in the presence of iodine. 
Also, the fact that acetaldehyde has been observed in the acetone photolysis 
as well (2) suggests a common origin such as reaction [12]. 

A rough quantitative check on the validity of assuming reactions [11] 
and [12] can be made as follows. From reactions [11], [12], and [3] the relation- 
ship can be deduced 


CH, os Ray 
~~ = 
Ria gueMam kik} 
where Reng represents the amount - excess methane necessary to account 
for the increase in the ratio Ren,/Réya (CHC OCOCH,] above the limiting 
value 0.65 * 10-'%. Although the acetaldehyde concentration could not be 
quantitatively determined, it is evident that 
Renj,cno = Reusco—Rény- 
The values of hi /Fi2 k3? calculated in this wav are given in the last column of 
Table III, and are independent of intensity. 
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In conclusion, it may be pointed out that the results given here indicate 
complications at low temperatures in all systems in which acetyl radicals are 
present, and in particular that such complicating processes will be intensity 
dependent. The analogous case of acetone is discussed in a forthcoming paper 
(2). 
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SOME COMPLICATING FACTORS IN THE 
PHOTOLYSIS OF ACETONE! 


By P. AusLoos? AND E. W. R. STEACIE 


ABSTRACT 
The photolysis of acetone has been investigated at room temperature using 


low pressures and high intensities. In addition an investigation was made of the 
photolysis of azomethane—acetone mixtures. The results indicate that the 


curvature at low temperatures of Arrhenius plots of Row,/Rc,n,[Acetone] is due 
to two causes (a) a reaction between methyl radicals and adsorbed acetone and 
(b) to the occurrence of the disproportionation reaction 
CH; +CH;CO— CH, +CH.2CO. 
Confirmatory evidence for wall effects was obtained from experiments at low 
pressures and higher temperatures. 


INTRODUCTION 


The photochemical decomposition of acetone has been thoroughly investi- 
gated, especially by Noyes and his co-workers. In the temperature region 
from 120° to 200°C. it has been established that all the methane and ethane 
formed can be accounted for by the reactions: , 

CH;+CH; > CoH. [2] 
It has, henaiats been shown (6, 8, 9) that at lower pressures reaction [2] 
becomes dependent on a third-body. Whence at higher pressures 


R k 
= = Constant = — 
Ré,u,{Acetone] ket 
and at low pressures 





R 
vere = Constant. 





Ré,u,[ Acetone] 


For the activation energy difference, E;—3F2, a value of 9.7+0.1 kcal. has 
been generally accepted (12). This value has been deduced from experiments 
at temperatures above 100°C., and at pressures between 25 and 200 mm. 

In the lower temperature region there are complications in the kinetics. 
Curvature has been observed in the Arrhenius plot between room temperature 
and 125°C. (7, 12). Several suggestions have been made as to the cause of 
the discrepancy (11). In the first place the presence of an appreciable amount 
of acety! radicals constitutes the most striking difference between the low- and 
the high-temperature photolysis. The diffusion of radicals out of the light- 
beam and possible wall effects have also to be considered. As far as diffusion is 
concerned, Nicholson (10) has shown that although it is important in some 

' Manuscript received September 17, 1954. 
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cases, the effect is still too small to account for the curvature in the Arrhenius 
plot at low temperatures. 

The purpose of the present work was in the first place to study the reaction 
of methy! radicals with acetone in the absence of complications due to acetyl 
radicals. For this purpose azomethane was used as a source of methy] radicals. 
It has the advantage of absorbing at longer wave lengths where acetone is 
transparent. The second object of the work was to investigate the photolysis 
of acetone under special conditions (high intensities and low pressures), to 
obtain information regarding wall reactions and reactions of acety] radicals. 


EXPERIMENTAL 


Azomethane was prepared by Dr. L. C. Leitch as described in previous papers 
from this laboratory. Acetone was obtained from the Eastman Kodak Co. 
Both compounds were thoroughly degassed and stored .behind mercury 
cutoffs. 

Two different types of apparatus were used. Apparatus I was of the con- 
ventional type which has been described elsewhere (1). A Hanovia S-500 
medium pressure mercury arc was used as a light source. The cylindrical quartz 
reaction cell (5 cm. diameter, 10 cm. long) was completely filled with a nearly 
parallel light beam. 

Apparatus II which was used for low pressure experiments was essentially 
the same as that described by Dodd and Steacie (6). The lamp was a B.T.H. 
ME/D 250 w. compact source. In some experiments a ‘‘packed”’ reaction 
vessel was used. For these the cell which was 70 cm. long contained two inner 
quartz tubes concentrically mounted. The surface/volume ratio of the packed 
cell was 7.1 cm~'. The cell was completely filled by a parallel beam of light. An 
empty cell was also used, which was 100 cm. long. 

In experiments with azomethane—acetone mixtures a Corning filter No. 7380 
was used to limit radiation to wave lengths greater than 3400 A. For other 
experiments a Corning No. 986 filter was used. 

The N.-CH, fractions of the products were removed at liquid nitrogen 
temperature and analyzed by the mass spectrometer. On a few occasions checks 
were made for CO in the N.—CH, fraction from the photolysis of azomethane- 
acetone mixtures by passing the gas over hot copper oxide. The quantity of CO 
was invariably negligible. The CO—CH, fractions from the acetone photolysis 
were analyzed by combustion over hot copper oxide. The ethane fraction was 
separated at —175°C. and occasionally checked with the mass spectrometer. 


RESULTS FROM RUNS AT NORMAL PRESSURES USING APPARATUS I 


The results for the photolysis of azomethane and of azomethane—acetone 
mixtures are given in Tables I and II. In Fig. 1 Arrhenius plots are given for 
k;/ko? and k;/k2’, where reaction [3] is 

CH;+CH;N NCH; — CHi+CH2NNCHs3. [3] 
The units of 2 throughout are cm.’, molecules, and sec. 

Some experiments were also carried out in which acetone was photolyzed at 

room temperature and various intensities. The results are given in Table III. 
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TABLE I 
THE PHOTOLYSIS OF AZOMETHANE 
































Temp., Pressure, Time, Ry, Ron, Ron, 

Kd cm. min. cce./min. X 104 k;/kot X 10°83 
28 5.85 47 17.0 0.64 14.8 0.455 
28 4.14 85 23.5 0.56 22.5 0.458 
49 5.2 80 30.2 1.42 24.75 0.95 
53 4.88 85 28.3 1.69 22.3 1.225 
68 3.4 95 19.7 1.33 14.75 1.86 
91 4.95 80 28.4 3.59 14.0 3.72 
112 4.1 100 24.0 3.65 8.60 6.20 
133 4.48 70 24.0 5.62 5.78 11.4 

TABLE II 

PHOTOLYSIS OF AZOMETHANE-ACETONE MIXTURES 
Temp., Pressure, cm. Time, Ry, Rew, _ Rows 
5 od Azomethane Acetone min. cc./min. X 104 ki/kot X 10%4 
26 1.74 5.10 40 14.6 0.337 13.5 1.35 
27 2.95 3.15 1030 0.41 0.059 0.267 1.64 
27 1.18 3.42 36 10.4 0.20 9.85 1.47 
27 1.73 3.72 65 6.92 0.205 6.08 1.55 
27 1.32 5.20 40 12.3 0.305 11.6 1.66 
57 2.28 4.62 41 17.5 1.08 14.6 4.2 
58 1.57 5.05 40 11.21 0.77 9.7 4.2 
109 3.01 4.64 60 6.00 1.64 1.92 26.6 
109 2.18 5.70 28 16.2 3.79 8.2 24.2 
140 3.03 4.27 35 22.9 6.88 §.2 69.0 
ti T T T T 
-12 ~ 3 4 
x 
~ - 
i 


Ru 
Re? (A) 
| 
- 
- 
Pa f 
| 











o> Ne. . 
2 ~~ ~ 
a 
= . a 
i 15 | | ! | 
‘ 2.0 2.4 28 3.2 36 
1/T x 10° 
¢ Fic. 1. Plot of log Ron, /Rau. (A) against 1/7 for the photolysis of azomethane—acetone 
4 mixtures. 
% Curve A—photolysis of azomethane alone. Curve B—azomethane—acetone mixtures. 


The dotted line is an extrapolation to low temperatures of the results of Trotman- Dickenson 
and Steacie. 
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TABLE III 


PHOTOLYSIS OF ACETONE AT ROOM TEMPERATURE 
AND VARYING INTENSITY 
Temperature 27°C. 




















Relative Pressure, Time, Reo Row, ofcom 3CHy+C2He Ren, sengne 
intensity r in. >./min. 104 
intensity cm min cc. /I x CO Rau, [Acetone] 
1 5.85 4050 0.065 0.0194 0.067 1.18 2.02 
1 5.6 1105 0.133 0.0275 0.166 1.36 1.95 
3 5.45 1311 0.177 0.0334 0.236 1.43 2.02 
3 5.6 1017 0.200 0.038 0.272 1.46 2.05 
6.6 5.7 866 0.344 0.055 0.583 1.7 2.00 
33 5.45 7 1.60 0.165 4.00 2.55 2.40 
66 5.83 151 3.30 0.322 8.45 2.60 3.0 
165 5.78 40 8.80 0.805 24.5 2.82 4.45 
165 5.9 80 8.90 0.790 23.0 2.62 4.45 





The relative intensity was varied by a factor of 165, where an intensity of 1 
corresponds to approximately 5 X 10°! quanta per cc. per sec. The light 
intensity was varied by means of neutral density filters of chromel on quartz. 
The higher intensities are much higher than those used in most previous 
investigations at low temperatures. The values of Ren, /Résu,{Acetone] have 
been plotted in Fig. 2. 
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Fic. 2. The photolysis of acetone at 27°C. and 57 mm. with varying intensity. 


In addition to the products listed, the highest intensity runs produced a very 
small amount of a material of intermediate volatility, which could be separated 
at —125°C. In order to obtain a larger amount of this fraction a run was made 
at the highest possible incident intensity using a cylindrical cell of 1 liter 
volume. Mass-spectrometer analysis of the — 125°C. cut from this run showed 
that it consisted mainly of ketene and acetaldehyde. 


DISCUSSION 


The methane and ethane formed by photolyzing azomethane in the presence 
of acetone may be accounted for by the following reactions: 
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CHsNNCH;3+/v — 2CH3+N2 


2CH; —> C2He¢ [2] 
CH;+CH;sNNCH; — CHi+CH:NNCH; [3] 
CH3;+CH;COCH; — CH,+CH.2COCH; [1] 
From this scheme 
ky Rex; k;[Azomethane] 





ket Ré,u,{Acetone] k2*{ Acetone] 


The values of ks/k2 required in the calculations have been taken from an 
experimental Arrhenius plot for azomethane (2). A few runs were repeated in 


‘the low-temperature region to check again the absence of curvature at low 


temperatures in the Arrhenius plot for azomethane. Fig. 1 shows the complete 
absence of curvature and the results coincide exactly with those previously 
obtained (2). 

Fig. 1 also gives an Arrhenius plot for k:/k2?, calculated from results with 
azomethane—acetone mixtures. The dotted line in the figure was obtained by 
extrapolation of the high-temperature results of Trotman-Dickenson and 
Steacie on the photolysis of acetone itself. It is evident that the results agree 
exactly at high temperatures, but that there is appreciable curvature at low 
temperatures in the results obtained with azomethane—acetone mixtures. At 
27°C. a mean value of about 1.6 X 10-'4 was found for ki/k2?. This is in excel- 
lent agreement with the value of 1.55 X 10-'4 found by Nicholson (10) in 
the direct photolysis of acetone at similar intensities. Since no acetyl radicals 
are present in the photolysis of azomethane—acetone mixtures, the curvature 
in the plot at low temperatures and low intensities cannot be due to reactions 
involving acetyl. Diffusion of radicals out of the light beam is not a possible 
explanation in the present case, since the cell was filled with light and the cell 
volume was used in the calculations. It is therefore suggested that wall reactions 
are involved, and specifically that methyl! radicals react with adsorbed acetone 
to form methane. It may be mentioned that analogous curvature in Arrhenius 
plots has been found when azomethane was photolyzed in the presence of 
biacetyl (3) and methyl ethyl ketone (5). 

Fig. 2 shows that in experiments on the photolysis of acetone alone the ratio 
Ron,/RéyuslAcetone] does not vary with intensity in the low intensity region. 
Most previous work was done at still lower intensities. The constant low- 
intensity value (2 X 10-'*) lies well above the value obtained by extrapolating 
Trotman-Dickenson and Steacie’s Arrhenius plot (12) to lower temperatures. 
The extrapolated value is in good agreement, however, with the value of 
1.6 X 10-4 found by photolyzing azomethane—acetone mixtures. Interference 
by reactions of acetyl is excluded in this intensity range as the cause of the 
curvature in the Arrhenius plot. The evidence again strongly favors wall re- 
actions as the cause of the discrepancy. 

At higher intensities, however, a sharp increase of Reu,/Résa,lAcetone] 
becomes apparent. This suggests the formation of methane in a radical- 
radical reaction. Further, since the effect only occurs at low temperatures, the 
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participation of acetyl is strongly indicated. It is therefore suggested that the 
additional methane arises by the disproportionation reaction, 

CH;+CH;CO — CH,+CH.CO. [4] 
The intensity dependence of methane formation can be explained on this 
basis, as well as the ketene formation at high intensities. The small amounts of 
acetaldehyde found by mass-spectrometer analysis may be accounted for by 
the similar reaction 

2CH;CO — CH,CO+CH;CHO. [5] 
Evidence for both these reactions has been found also in the photolysis of 
biacetyl (3). Reaction [5] has also been suggested in the photolysis of acetal- 
dehyde (4). 
RESULTS FROM EXPERIMENTS AT LOW PRESSURES USING APPARATUS II 

The results of a few experiments at low pressures using a ‘‘packed’”’ reaction 


vessel are given in Table IV, and are plotted in Fig. 3 and compared with the 


TABLE IV 


PHOTOLYSIS OF ACETONE AT LOW PRESSURES 
“Packed” cell 























Rate, molecules / Ren, 10H. CH 

Pressure, Time, cc./sec. X_107'° Po seemoemeE w — 

mm. min. CO CH, C:He Rc,x,{Acetone]4 co co 
Temperature 235°C. 

0.105 875 1.14 0.75 0.395 2.65 0.68 0.76 

0.22 720 3.17 2.04 1.29 2.80 0.73 1.0 

0.53 313 7.6 3.90 3.6 2.06 0.73 

0.71 310 9.8 4.90 5.01 1.91 0.76 

0.90 190 12.8 5.77 6.71 1.72 0.74 

2.1 76 28.5 13.0 17.0 1.59 0.82 1.0 

4.5 76 es 30.6 42.6 1.60 0.85 

10.6 46 120 72.0 68 1.96 0.86 

21.0 20 260 157 135 2.17 0.82 

26.0 35 267 194 134 2.40 0.86) 
Temperature 255°C. 

0.06 1485 0.93 0.73 0.278 4.26 0.68 0.79 

0.08 1260 1.30 1.06 0.340 4.80 0.685 0.83 

0.16 960 3.15 2.5 0.88 5.00 0.67) 

0.40 273 7.8 5.21 3.08 3.50 0.72 

0 82 180 16.8 9.88 8.28 2.80 0.79 1.0 

1.5 60 31.5 16.7 16.8 2.50 0.80; 

2.5 60 52 27.8 31.2 2.35 0.87 | 

7.6 30 146 90.0 86.0 2.63 0.90) 





results of Dodd and Steacie (6). For these experiments the incident intensity 
was kept constant and the pressure was varied from 25 to 0.05 mm. The values 
of dco in the last column of Table IV were determined in the usual way at 
higher pressures. The absorbed intensity at lower pressures was obtained by a 
Beer’s law extrapolation. 

Table V gives the results of experiments at 27°C. and varying intensities at 
four different pressures (from 0.6 to 4.7 mm.). The results are given in Fig. 4 
in the form of a plot of log Ren,/Ri ps against the logarithm of the incident 


cg al al 








. 








it 


it 


Re er a ee 






AUSLOOS AND STEACIE: PHOTOLYSIS OF ACETONE 

















6 T | 
$ / =] 
F 
be ray 
2 si— fu a 
x i 
4 
* aL... A . 
255°C 
vf a 
Da 235°C 
' 
ol ' : 100 


PRESSURE mm. 


Fic. 3. The photolysis of acetone at higher temperatures and low ‘eames 
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TABLE V 


EFFECT OF INTENSITY AT 27°C. AND LOW PRESSURES 
Unpacked cell 




















Rate, molecules/cc./sec. Rex, 
Incident Pressure, Time, x 107% * Wes ie 
intensity . mm, min. co CH, C:He Rc,n, 
s 0.6 8190 0.125 0.0168 0.285 3.14 
50 0.56 1260 0.51 0.0685 1.62 5.4 
100 0.6 1100 1.32 0.148 3.60 7.8 
400 0.6 150 6.85 0.74 19.8 16.2 
1000 0.6 63 20.9 2.0 59.0 26.0 
8 1.25 4250 0.24 0.0235 0.56 3.15 
20 1.25 2800 0.31 0.039 1.02 3.85 
50 1.25 1370 0.81 0.111 3.35 6.1 
1000 1.25 70 29.5 2.8 90.0 29.5 
8 3.25 2675 0.41 0.0476 1.025 4.7 
20 3.3 1120 0.95 0.1022 3.20 5.72 
50 a 1095 1.90 0.235 7.60 8.5 
400 3.0 75 10.6 1.80 58.5 23.5 
1000 3.1 35 54.8 5.55 217 37.8 
8 4.7 2715 0.760 0.075 1.55 6.0 
20 4.75 1430 0.965 0.138 3.57 7.0 
50 4.65 1122 2.68 0.354 14.2 10.6 
250 4.8 133 22.8 2.4 93.0 25.0 
1000 4.7 30 1ll 9.5 380 49.0 





intensity. The lowest incident intensity is about eight times the lowest intensity 
used for the runs at usual pressures (Table III). 

Since we were interested in possible wall reactions, the experiments given in 
Table IV were done. It is evident from Fig. 3 that the results agree excellently 
with those of Dodd. They confirm the fact that while the ratio Ren,j Mls 
[Acetone]! falls with decreasing pressure in agreement with the assumption 
that the recombination of methyl radicals is becoming pressure-dependent, 
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Fic. 4. Photolysis of acetone at 27°C. and low pressures, with varying intensity. The figures 
on the curves refer to the pressure in mm. 


nevertheless at low pressures the ratio rises again instead of becoming constant. 
This increase commences at higher pressures in the packed cell, and there is no 
doubt that it is due to a wall reaction which produces methane. The only 
reasonable possibility seems to be a reaction between methyl radicals and 
adsorbed acetone. The results appear to indicate that the ratio decreases again 
at the lowest pressures, but it is difficult to be sure that this effect is real. 

It may be mentioned that there is a gradual drop in the ratio (}CH4+ CoHe¢)/ 
CO with decrease in pressure in the packed vessel. No such effect was observed 
in the unpacked cell. We are unable to offer any convincing explanation of this. 

The experiments at high intensities and room temperature, given in Table V, 
were done to obtain more information about the occurrence of reaction [4]. 

In this temperature region we are primarily concerned with the reactions: 


2CH3 => CoH, [2] 
CH;+CH;CO — CH,+CH:CO [4] 
2CH;CO — CH;CHO+CH:2CO [5] 
CH;+CH;CO — CH;COCH; [6] 
2CH;CO — CH;COCOCH; [7] 


As a very rough approximation, at constant temperature and pressure but 
varying intensity, we may put [CH;CO] ~ [CH], and thus [CH;CO] » J4,,?. 
Whence, if all methane is formed by [1] and [4], we have at low pressures 


R k k 
—* = = [Acetone] + = [CH;CO] 
k 


, 2 2 





so that at constant low pressure and varying intensity 


= k' +k" Tana” 
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Since for constant acetone pressure Jinciaent © Jade, Renilla. will become 
constant at low incident intensities and proportional to J} at high intensities. 
Fig. 4 gives a plot of log Rex, oo against log intensity for four different low 
pressures. At high intensities a series of straight lines is obtained with a slope 
of 3, while at low intensities the ratio approaches a constant value. This 
furnishes further strong support for the postulation of reaction [4]. 
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CONSTITUTION OF A HEMICELLULOSE FROM WHEAT BRAN! 


By G. A. ADAmMs? 


ABSTRACT 


The hemicellulose prepared from wheat bran by alkaline extraction was an 
acidic polysaccharide containing arabinose (50.0%), xylose (38.5%), and uronic 
acid (9.0%). Graded hydrolysis with 0.02 N oxalic acid preferentially released 
65% of the arabinose with only a small simultaneous production of xylose. 
Hydrolysis of the full methylated hemicellulose yielded 2,3,4-tri-O-methyl-, 2,3- 
di-O-methyI-, 2-O-methyl-, and free D-xylose ; 2,3,5-tri-O-methy]l-, 2,5-di-O-methyl-, 
and probably 3- and 5-O-methyl-L-arabinose. These data, together with those 
from periodate oxidation, strongly suggested that the molecule was a highly 
branched araboxylan. Viscosity measurements and reducing power determina- 
tions indicated a degree of polymerization of 300. 


Investigations in this laboratory of the polysaccharides of the wheat plant 
have included those of patent white flour (10), straw (1), and leaf (2). The 
present paper concerns the hemicelluloses of wheat bran. Early studies on bran 
by Schulze (12) established xylose and arabinose as major constituents, and 
more recently, Norris and Preece (9) have demonstrated that glucuronic acid 
is a minor component. It was now of interest to examine the constitution of this 
hemicellulosic material in greater detail. 

A suitable starting material appeared to be “bee-wing”’ bran which has an 
unusually high pentosan content (3) and consists mainly of the outer coatings 
of the wheat grain with very little starch. 

The bran, after extraction with alcohol:benzene (2:1) and ammonium oxa- 
late, contained 46% pentosan and 5.6% lignin. Extraction with dilute alkali 
gave a crude water-soluble hemicellulose in 37% yield having a pentosan 
content of 68% and a lignin content of 3%. Acid hydrolysis showed that 
arabinose and xylose were the main sugars present along with minor amounts 
of glucose, galactose, and uronic acid. To test the possibility that these sugars 
represented separate pentosans and hexosans, fractionation methods designed 
to separate polysaccharides were applied. The copper complexing method 
which is more or less specific for segregating xylans (5) gave no precipitate with 
the crude bran hemicellulose. Extraction with 70% ethanol, as used by 
Aspinall et a/. (4) for separating an arabinose-rich pentosan from esparto grass, 
removed only a small portion of bran hemicellulose which varied insignificantly 
in composition from the original material. When the crude hemicellulose was 
acetylated and the acetate fractionated from chloroform solution with petro- 
leum ether, most of the product was recovered within a narrow solvent mixture 
range. Deacetylation and hydrolysis showed that the main fractions contained 
arabinose and xylose in a ratio of 1.0:0.78; glucose and galactose were present 
only in the more soluble fractions. Hence it appeared that the hexosans were 
not a part of the hemicellulose molecule. The same finding was reported pre- 

1 Manuscript received September 24, 1954. 

Contribution from the Division of Applied Biology, National Research Laboratories, Ottawa. 


Issued as Paper No. 174. of Uses of Plant Products and as N.R.C. No. 3451. 
*With the technical assistance of A. E. Castagne. 
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viously for wheat straw (1) and wheat leaf hemicellulose (2). Lack of separation 
of araban from xylan by the methods just described strongly suggested that 
the sugars were combined chemically within the same molecule. 

Hydrolysis of the hemicellulose with 0.02 N oxalic acid preferentially 
removed L-arabinose units. The stability of the xylose residues to the acid 
treatment showed that they were in the usual pyranoside form, while the 
ready removal of 65% of the arabinose units indicated that they were pre- 
dominantly in the furanoside configuration and also were located towards the 
outside of the molecule. Slow release of arabinose units after hydrolysis for 
two and one-half hours in 0.02 N oxalic acid indicated that about 35% of the 
total amount of this sugar was part of the central core of the hemicellulose 
molecule and was doubly attached to other sugar units. 

The main purified hemicellulose fraction was methylated initially with 
dimethyl sulphate and sodium hydroxide and finally with methyl iodide and 
silver oxide to a methoxyl value of 38.4% (calculated for C7H1,O,: (OCH, 
38.8%) ; [a}?> —80.4° (c, 1.1% in chloroform). Fractionation using chloroform — 
petroleum ether yielded 10 fractions; of these, a fully methylated product 
(OCH, 38.8%), comprising 32% of the total, was selected for further study. 
Methanolysis followed by acid hydrolysis yielded the following products: 
(I) methylated uronic acid (not studied further in this investigation); (II) 
p-xylose {three parts); (III) 2-O-methyl-p-xylose (four parts); (IV) 3- and 5- 
O-methyl-L arabinose (three parts) (?); (V) 2,3-di-O-methyl-p-xylose (four 
parts); (VI) 2,5-di-O-methyl-L-arabinose (seven parts); (VII) 2,3,4-tri-O- 
methyl-p-xylose (five parts); (VIII) 2,3,5-tri-O-methyl-L-arabinose (six parts). 

The methylation data indicated a highly branched structure. Almost 40% 
of the arabinose appeared on hydrolysis as 2,3,5-tri-O-methyl-L-arabinose 
and therefore existed as end groups in the original hemicellulose. Although the 
monomethyl arabinose units were not positively identified, their presence — 
indicated branch points in the molecule where other groups were attached. 
Arabinose linked 1,3- in the original hemicellulose appeared as 2,5-dimethyl 
arabinose to the extent of about 45% of the total. It was not possible to deter- 
mine whether these units indicated a structure in which several arabinose units 
were joined or one in which both arabinose and xylose units occurred. However, 
the graded hydrolysis data supported the view that about 70% of the arabinose 
units were joined together in short branches or side chains which were remov- 
able with only a slight release of xylose. The decreased rate of acid hydrolysis, 
which yielded a resistant portion containing about 35% of the arabinose, was 
not considered due to the pyranose form of arabinose since no direct evidence 
for this type of structure was found among the methylated sugars. The branch- 
ing character of the bran hemicellulose involved also the xylose component. 
The 2-O-methyl-p-xylose and unmethylated p-xylose represented single and 
double branch points respectively. However the number of xylose end groups 
accounted for only half of these branch points (Table IV) and the assumption 
must be made that the remainder were linked to arabinose units. The presence 
of a high proportion of the methylated xylose as 2,3-dimethyl xylose proved 
that the xylose units were linked 1,4- and were in the pyranose form. The 
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change in rotation of the methylated polysaccharide on hydrolysis, from 
highly negative (—82°) to positive (+69.2°), indicated that the sugar units 
were primarily in the 8 configuration. 

Although a specific structure for this hemicellulose cannot be formulated, 
methylation data showed that the following sugar residues were present: 


Gat. #2...: ... SGe8. 8...5 0° 4 D-xyl. kek ou A F803 
« x 9. 
... 3-L-arab. fl ...; and in addition ‘"~ : L-arab. fl ...; and “~ “3. L-arab. 


fl...are indicated. 


Periodate oxidation results supported the methylation data as further 
evidence for a highly branched structure. The consumption of approximately 
0.59 mole of periodate per mole of sugar showed that about half of the sugar 
residues did not consume periodate and hence had a high proportion of branch 
attachments. The original sugar residues which yielded 2,3-di-O-methyl-p- 
xvlose, 2,3,4-tri-O-methyl-D-xylose, and 2,3,5-tri-O-methyl-L-arabinose would 
consume periodate and, based on the proportion present as shown by the 
methylation data, should consume 0.62 mole of periodate per sugar unit. The 
yield of formic acid (0.18 mole) calculated from the amount of trimethyl 
xylose present was in reasonable agreement with the measured vield (0.22 mole 
per sugar unit). The relatively large amounts of formic acid produced indicated 
a high proportion of end groups. Mild acid degradation of the hemicellulose, 
which initially released a large proportion of the arabinose, caused a 10% 
increase in periodate consumption and a 40% increase in formic acid production. 
Such effects could be caused by simple degradation of a xylan chain or by 
removal of arabinose end groups linked to xylose units which in turn became 
new end groups. Hydrolysis of the unoxidized portion of the hemicellulose 
released xylose and arabinose in about equal amounts; all the xylose and that 
portion of arabinose which yielded monomethy! arabinose (see Table IV) 
represented branched units in the original hemicellulose. 

Estimations of the molecular weight of the bran hemicellulose were obtained 
by viscosity measurements and reducing power determinations. With the 
exception of the viscosity measurements in water, the results agreed reasonably 
well and suggested that the molecule contained about 300 sugar residues. This 
is the same order of magnitude as was suggested for the soluble pentosan of 
wheat flour (10). 

Although wheat bran hemicellulose resembles that of straw (1) and leaf (2) 
in having the same component sugars, some marked differences are apparent. 
The wheat bran molecule is much larger, more highly branched, and contains 
more arabinose than xylose, with the arabinose unit being branched. Although 
positive proof has not been obtained that a mixture of araban and xylan is not 
present, the available data indicate that wheat bran hemicellulose is a highly 
branched araboxylan. The purified cellulase enzyme of Myrothecium verrucaria 
which readily hydrolyzed wheat straw xylan did not attack bran hemicellulose ; 
this observation supported the view that no free xylan was present. Removal 
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of 70% of the arabinose units by mild acid hydrolysis of the hemicellulose did 
not initiate enzyme action, thus indicating that the predominantly xylan 
residue was sufficiently different in structure from wheat straw xylan to 
resist enzymatic attack. 


EXPERIMENTAL 


The following solvents (v/v) were used to separate the sugars and their 
derivatives: (A) ethyl acetate — pyridine — water (2:1:2); (B) methyl ethyl 
ketone — water (2:1); (C) ethanol—benzene—water (47: 200:15); and (D) N- 
butanol-ethanol—water (40:11:19). The R, values refer to 2,3,4,6-tetra-O- 
methyl-p-glucose. 


Preparation of Hemicellulose from Wheat Bran 


The bran* was extracted exhaustively with benzene—alcohol (2:1) followed 
by ethanol to remove pigments, lipids, and waxy substances. Water-soluble 
materials were removed by two four-hour extractions at 85°C. Pectic substances 
were extracted by ammonium oxalate (0.5%) at 85°C. in two three-hour 
extraction periods. The residue was thoroughly washed with warm water and 
dried with ethanol and ether. 

Air-dry extracted bran (160 gm.) was extracted with stirring for 20 hr. at 
room temperature with 8 liters of 4% potassium hydroxide in an atmosphere of 
nitrogen. After recovery by filtration on cloth, the residue was subjected to a 
further extraction for 48 hr. The combined alkaline filtrates were brought to 
pH 7.0 with acetic acid and then concentrated under reduced pressure at 30°C. 
to one-tenth their original volume. Only a faint trace of precipitate appeared 
in the neutral solution. The thick brown solution was dialyzed in cellophane 
tubes against running water for 48 hr. The dialyzed solution was again concen- 
trated under reduced pressure to one-half its original volume. The hemicellu- 
lose was recovered by adding 1 volume of the solution to 4 volumes of ethanol 
which was rapidly stirred and by allowing the mixture to stand. The precipi- 
tated hemicellulose was centrifuged off and dried with ethanol and ether to 
yield a fluffy gray powder (60 gm.). Acid hydrolysis of the crude hemicellulose 
followed by chromatographic separation of the sugars (solvent A) showed the 
presence of xylose, arabinose, and glucose, with small amounts of galactose and 
uronic acids. 


Purification Treatments on Crude Hemicellulose 


Ethanol (70%) extraction.—Crude hemicellulose (25 gm.) was extracted 
under reflux with 1000 ml. of 70% ethanol for 24 hr. A fine precipitate which 
appeared on cooling the alcoholic solution was removed by centrifuging. 
Concentration of the solution at 30°C. to small volume yielded a light brown 
precipitate (wt. 0.7 gm.). After hydrolysis with 1% sulphuric acid and chroma- 
tographic separation of the sugars, the ratio of xylose to arabinose was 1.0:0.78, 
which was the same as that of the original hemicellulose. Hence no segregation 
of araban-rich material was achieved. 


*The ‘‘bee-wing’’ bran was donated by Flour Mills of America Inc., Rosedale Mill, 914 Division 
St., Kansas City, Kansas, U.S.A. 
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Copper complexing.—Crude hemicellulose (20 gm.) was dissolved with shak- 
ing in 4% sodium hydroxide (1250 ml.) and, to this solution, Fehling’s solution 
(1250 ml.) was added with stirring. Even on prolonged standing no insoluble 
copper hemicellulose complex formed. Variation in ratio between the alkaline 
hemicellulose solution and Fehling’s solution from 1:1 to 4:1 failed to yield 
an insoluble compound. By acidification, dialysis, and precipitation with 
ethanol, the original hemicellulose sample was recovered with its xylose to 
arabinose ratio unchanged. 

Acetylation of crude hemicellulose—Crude hemicellulose (50 gm.) was dis- 
persed in 1000 ml. of formamide, stirred for two hours at 65°C., cooled to 
room temperature (20°C.), and 1000 ml. of dry pyridine added. After one hour’s 
stirring, acetic anhydride (400 ml.) was added in 100 ml. quantities over a 
period of four hours. The acetylated product was recovered by pouring into 
ice water. After recovery and thorough drying, the partly acetylated hemi- 
cellulose was dissolved in pyridine and reacetylated with acetic anhydride. 
The acetylated product was recovered as before, yield 67.4 gm., acetyl content 
38.3%. 

Fractionation of hemicellulose acetates —Acetylated hemicellulose (65 gm.) 
was dissolved in 3000 ml. of chloroform and filtered through sintered glass 
(porosity M). To the chloroform solution of the acetates, petroleum ether 
(b.p. 65-110°C.) was added with vigorous stirring. After the formation of a 
distinct cloudiness, the material was allowed to settle, removed by centrifuging, 
and dried im vacuo. A total of nine fractions were recovered with the bulk of the 
material precipitating in a fairly narrow solvent range. Fractions 3-5 inclusive 
comprised 80% of the acetates with fraction 4 being approximately 60%. 

Analysis of the acetylated fractions —The nine fractions were deacetylated 
with sodium hydroxide in acetone, precipitated with ethanol, and dried. Acid 
hydrolysis followed by quantitative chromatography (solvent A) showed that 
all fractions contained arabinose and xylose in an approximate ratio of 1.0:0.78. 
In addition, fractions 7, 8, and 9 contained small amounts of glucose and 
galactose. Fractions 2-6 inclusive contained approximately 9% uronic acid 
while fractions 7-9 contained about 3.5%. Since fraction 4 comprised 60% 
of the original hemicellulose and contained no hexose sugars, it was selected 
for the main constitutional studies. Its composition was as follows: ash, nil; 
nitrogen, nil; lignin, 0.9%; methoxyl, 1.06%; uronic acid anhydride, 9.00%; 
D-xylose, 38.5%; L-arabinose 50.0%; and [a]?? —83° (c, 1% in potassium 
hydroxide (2%)). 


Graded Acid Hydrolysis 


A concentration of 0.02 N oxalic acid was found to give preferential release of 
arabinose and was therefore selected as the most satisfactory concentration for 
graded hydrolysis of the hemicellulose. Three separate lots of hemicellulose 
(50 mgm.) were hydrolyzed with 0.02 NV oxalic acid (5 ml.) at 98°C. with 
heating periods of two and one-half, four, and six hours respectively. After 
hydrolysis each solution was analyzed chromatographically for arabinose and 
xylose content (Table I). The unhydrolyzed portions (acid degraded hemi- 
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TABLE I 
GRADED HYDROLYSIS OF BRAN HEMICELLULOSE WITH 0.02 N OXALIC ACID 








Percentage individual sugars released 





Hydrolysis time, 
hr. 








Arabinose Xvlose 
2.5 67.5 14.2 
4.0 70.0 21.9 
6.0 75.6 28.6 
TABLE II 


YIELD AND COMPOSITION OF ACID DEGRADED HEMICELLULOSES FROM GRADED HYDROLYSIS 
OF BRAN HEMICELLULOSE 














Composition 
Sample No. aes i time, Yield, % Arabinose,% Xylose, % 
c. 
I 2.5 60.0 33.8 56.9 
II 4.0 51.3 30.7 60.1 
III 6.0 44.6 28.8 64.4 





celluloses I, II, and III) were recovered by complete precipitation with 
ethanol without any attempted fractionations, dried in vacuo, and weighed. 
These materials were completely hydrolyzed with 1% sulphuric acid and the 
proportion of arabinose and xylose determined by chromatographic analysis 
(Table II). 

Enzyme Hydrolysis 


The original bran hemicellulose and acid degraded hemicelluloses I and II 
were made up to 1% concentration in 1/25 M sodium chloride and the pH 
adjusted to 5.0 with hydrochloric acid. The purified cellulase enzyme of 
Myrothecium verrucaria in 1/25 M sodium chloride solution was added to the 
extent of 100 ugm. protein per ml. of substrate and incubated for 12 hr. at 
30°C. with agitation. At the end of the incubation period, 2 volumes of hot 
ethanol were added to the substrate, the solution filtered, and the filtrate 
concentrated to a small volume at 40°C. Chromatographic examination of the 
solution showed only a trace of arabinose and xylose. 


Methylation 


Hemicellulose (20 gm.) was methylated with dimethyl sulphate and sodium 
hydroxide (40%) by a method previously described in detail (1). After each of 
two successive methylation treatments, the partly methylated crude product 
was recovered by neutralization, dialysis, and evaporation. After the material 
had been sufficiently methylated (nine treatments) to become soluble in 
methyl iodide, it was subjected to further methylation by Purdie’s reagent. 
After four methylations with this reagent the methoxyl content was 38.3%. 
Further methylations increased the methoxyl content only slightly. The final 
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product was a friable yellow solid, yield 21.2 gm.; OCHs, 38.4% (theoretical 
value for dimethyl xylan, 38.7%) ; [a]? —80.4° (c, 1.1% in chloroform). 

Fractionation.—The methylated hemicellulose (20.2 gm.) was extracted 
under reflux for a period of two hours with solvent mixtures of chloroform — 
petroleum ether (b.p. 30-60°C.). After filtration and removal of the solvent, 
the recovered product was dried in vacuo at 40°C. The results of the fractiona- 
tion are given in Table II]. Since fraction 8 comprised a large proportion of the 
product and was fully methylated, it was used in the subsequent studies of the 
methanolysis products. 


TABLE III 
FRACTIONATION OF METHYLATED BRAN HEMICELLULOSE 











Fraction Chloroform: petroleum ether Yield, OCHs, % [a]25 
solvent mixture % = 
1 0: 100 0.52 22.6 — 5.48 
2 20 : 180 0.41 23.3 —11.05 
3 25 : 175 1.03 30.6 —11.30 
4 30: 170 1.85 37.1 —32.4 
5 35 : 165 6.24 38.6 —81.0 
6 40 : 160 25.79 38.7 — 87.1 
7 45 :155 22.9 38.7 —80.0 
8 50 : 150 32.50 38.8 —82.1 
9 55 : 145 5.67 37.7 —80.0 
10 100 :0 1.23 35.0 —79.5 





Methanolysis.—Fraction 8 (100 mgm.) was heated with methanolic hydrogen 
chloride (10 ml.; 8%) in a sealed tube in a boiling water bath for 16 hr. After 
removal of the solvent, the methyl glycosides were hydrolyzed with hydro- 
chloric acid (10 ml.; 0.5 NV) for eight hours at 100°C. The free methylated 
sugars ([a]i> +69°) were recovered and separated chromatographically on 
filter paper using solvent B. The sugar spots were developed with aniline 
phthalate spray. Authentic specimens of 2-O-methyl-D-xylose, 2,3-di-O- 
methyl-p-xylose, 2,3,5-tri-O-methyl-L-arabinose, and 2,3,4-tri-O-methyl-p- 
xylose were used as reference compounds. A total of eight sugar derivatives 
were located on the chromatogram and the following tentative identifications 
were made based on color reactions and positions relative to the reference 
compounds: methylated uronic acid (1); D-xylose (II); a monomethy] pentose 
corresponding to 2-O-methyl-p-xylose (III); monomethyl pentose (IV); 

TABLE IV 
COMPOSITION OF HYDROLYZATE FROM METHYLATED HEMICELLULOSE 




















Component sugar Molar composition, % Simple molar ratio 
p-Xylose (IT) 9.5 3 
Monomethy] pentose (IIT) 12.0 4 
Monomethy! pentose (IV) 9.0 3 
Dimethyl pentose (\) 12.5 + 
Dimethyl! pentose (VI) 22.0 7 
Trimethyl pentose (VIT) 15.0 5 


o~ 


Trimethy! pentose (VIIT) 18.0 
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dimethyl pentose corresponding to 2,3-di-O-methyl-p-xylose (V); dimethyl 
pentose (VI); a trimethyl pentose corresponding to 2,3,4-tri-O-methyl-p- 
xylose (VII); a trimethyl pentose corresponding to 2,3,5-tri-O-methyl-L- 
arabinose (VIII). The free methylated sugars were extracted from quantitative 
chromatograms with water and analyzed by the alkaline hypoiodite method 
(5). The results are given in Table IV. 


Separation of the Methylated Sugars 

To provide sufficient material for separation and identification of the pro- 
ducts of methanolysis, a large quantity was prepared as follows: Fraction 8 
(6.4 gm.) was refluxed with 285 ml. of methanolic hydrogen chloride (8%) 
until the rotation became constant ([a?.] +9.2°). After neutralization with 
silver carbonate, the methyl glycosides and uronosides were recovered as a 
brown sirup (6.7 gm.). Saturated barium hydroxide (75 ml.) was added to the 
sirup and the mixture heated for three hours at 60°C. on a steam bath. Excess 
barium hydroxide was removed with carbon dioxide and the solution heated 
for 15 min. at 85°C. Because of the volatility of the trimethyl pentosides, the 
solution was evaporated at room temperature in a current of air. 


Recovery and Separation of Trimethyl Pentoses 


Extraction of the methanolysis mixture with m-pentane removed the tri- 
methyl pentosides almost quantitatively. They were hydrolyzed with 0.5 NV 
hydrochloric acid and the free methylated sugars (1.86 gm.) were recovered 
in the usual way. Chromatography on filter paper showed that the two tri- 
methyl pentoses contained a trace of a dimethyl pentose. A portion of the 
trimethyl pentose sirup (0.65 gm.) was separated chroniatographically on 
large sheets of filter paper using solvent C. The individual sugars were recovered 
by elution with water and each solution concentrated to a small volume. 
Addition of methanol and clarification with charcoal yielded clear yellowish 
sirups VII and VIII. 


Separation of Remaining Sugars 

Although solvent B separated methylated uronic acids (barium salt form) 
and methylated sugars satisfactorily in small amounts, the uronic acid streaked 
into the xylose and two monomethyl pentose spots when the sirup was chro- 
matographed in preparative quantities (conversion of the barium salt to the 
free acid did not improve the separation). The free xylose and monomethyl 
pentose areas on the paper which were overrun with uronic acid were cut out, 
eluted with water, and chromatographed again using solvent A. This procedure 
gave satisfactory separation of the methylated uronic acid (I), free xylose (II), 
and the two monomethy] pentoses (III) and (IV). The dimethyl pentoses were 
separated from each other satisfactorily in the first chromatogram using 
solvent B. 


Examination of the Methylated Sugar Fractions 


Fraction I.—This material was a methylated uronic acid complex which 
gave a cherry red spot on the paper chromatogram. It was not examined 
further in the present study. 
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Fraction II.—The sirup, on standing, crystallized almost completely. 
Recrystallization from glacial acetic acid yielded a crop of D-xylose crystals, 
m.p. 145-146°C. unchanged on admixture with an authentic sample, and 
[a}?® +19° (c, 1.0% in water). Chromatographic examination (solvent A) 
showed only xylose present. This fraction was therefore established as D- 
xvlopyranose. 

Fraction III.—On clarification with charcoal in methanol, a clear yellow 
sirup was obtained which partially crystallized on standing. Chromatography 
showed only one component with the same Ry, value as 2-O-methyl-p-xylose 
(R, 0.22-0.24, solvent B). On demethylation with hydrobromic acid (48%) (9), 
D-xylose was the only sugar produced. Recrystallization from methanol 
solution yielded 2-O-methyl-p-xylopyranose, m.p. 133°C., [a]?§ + 34.8° (c, 1% 
in water). Analysis: calculated for CsH»O; :OCH:, 18.9%; found: OCHs, 
18.8%. Treatment of this sugar with aniline in ethanol gave crystalline 
2-O-methyl-N-phenyl-xylosylamine, m.p. 123°. The X-ray diffraction pattern 
of the crystals was identical with that of an authentic sample of 2-O-methyl- 
N-phenyl-xylosylamine. 

Fraction I V.—This sirup was re-chromatographed on filter paper (solvent B) 
until only one spot was present. (R, 0.37-0.38, solvent B; 0.68-0.69, solvent 
D). On spraying with aniline oxalate reagent a reddish color characteristic of 
pentose sugars was obtained. Demethylation with hydrobromic acid (48% 
yielded only arabinose. The sirup (104 mgm.) was distilled (b.p. 140—150°C. 
at 0.05 mm.) to yield a product (74 mgm.) having methoxy! content 19.3% 
(calculated for CeHwOs : OCHs, 18.9%) and [a]?® —4° (c, 1.75% in water). 
Hence the sirup was a monomethyl arabinose. Oxidation with lead tetra- 
acetate (11) yielded 2 moles of formic acid and no formaldehyde. These results 
are most readily interpreted as indicating the presence of a mixture of 3- and 
5-methyl arabinose. 

Fraction V.—After repeated chromatographic separations, a sirup was 
recovered which had [a]?® +24° (c, 1.0% in water) ; 725 1.4733; OCHs, 34.8% 
(calculated for C;H,,O; :OCH3, 34.8%). With solvent B the R, value was 
0.67-0.68 and only a single pink spot was found with aniline phthalate spray 
on the paper chromatogram. Demethylation of the sirup (12 mgm.) with 
hydrobromic acid yielded only xylose. Oxidation of the sirup (80 mgm.) with 
bromine yielded a lactone which was converted into the corresponding crystal- 
line amide with methanolic ammonia. On recrystallization from ethyl acetate 
2,3-di-O-methyl xvlonamide was recovered, m.p. and mixed m.p. 134°. The 
X-ray diffraction pattern was identical with that of authentic 2,3-di-O-methyl] 
xylonamide. A crystalline anilide was prepared having m.p. 123-124°C. and 
an X-ray diffraction pattern identical with that of 2,3-di-O-methyl-N-phenyl- 
xyvlosylamine. Fraction V was, therefore, 2,3-di-O-methyl-p-xylose. 

Fraction VI.—This sirup gave only one spot on chromatographic examina- 
tion (R, 0.80-0.81 solvent B; 0.88-0.89, solvent D); [a]?? —26° (reported value 
— 18° (6)); OCHs, 34.4% (calculated for C7;H1,O;5 : OCHs, 34.8%). Demethyla- 
tion yielded only one sugar which was identified as arabinose on paper chroma- 
togram. Oxidation of the free sugar (173 mgm.) with bromine for 48 hr. at 
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room temperature yielded a lactone (126 mgm.). Distillation of the sirupy 
lactone (b.p. (bath) 130°-135°C. at 0.05 mm.) yielded a product which crystal- 
lized on seeding with a crystal of 2,5-di-O-methyl-L-arabonolactone, m.p. and 
mixed m.p. 60°C. The X-ray diffraction pattern was the same as that of 2,5- 
di-O-methyl-L-arabonolactone. Treatment of the lactone (33 mgm.) with 
methanolic ammonia gave the corresponding amide which on recrystallization 
from absolute ethanol yielded 2,5-di-O-methyl-L-arabonamide (24 mgm.), 
m.p. 130—131°. To another portion of the lactone (48 mgm.) phenylhydrazine 
(18 mgm.) in methanol (5 ml.) was added and the mixture refluxed two and 
one-half hours. After removal of the solvent, the sirup crystallized and re- 
crystallization from alcohol-ether yielded a pure product (34 mgm.), m.p. 
165-167° undepressed on admixture with an authentic sample of 2,5-di-O- 
methyl-L-arabinose phenylhydrazide. The X-ray diffraction pattern was 
identical with that of the authentic sample. Fraction VI, therefore, was 
2,5-di-O-methyl-L-arabinose. 

Fraction VII.—Purification of this sirup by paper chromatography using 
solvent C yielded a single sugar which gave a pink spot on spraying with 
aniline phthalate (R, value was 0.86-0.88 solvent C). Demethylation showed 
xylose to be the only component sugar. On standing the sirup partially crystal- 
lized. Recrystallization from ethyl! ether containing a small amount of petroleum 
ether yielded 2,3,4-tri-O-methyl-p-xylopyranose, m.p. 89-90°C. undepressed 
on admixture with an authentic sample, and [a]?® +20° (c, 1.0% in water); 
OCHs, 48.2% (calculated for CsHieO5 : OCHs, 48.4%). 

Fraction VIII.—The sirup had an R, 1.10—1.12 (solvent B) identical with 
that of 2,3,5-trimethyl arabinose; [a]?® —36°; OCHs, 48.7% (calculated for 
CsHie05: OCH;, 48.4%). Oxidation of the sugar with bromine yielded the 
corresponding lactone which on refluxing with methanolic ammonia was 
converted into the corresponding amide. Recrystallization of the amide yielded 
2,3,5-tri-O-methyl-L-arabonamide, m.p. and mixed m.p. 137-138°C. and 
[a]? +18 (c, 1.0% in water); OCH; 44.7% (calculated for CsHi70;N: OCHs, 
44.9%). The X-ray diffraction pattern showed that the product was 2,3,5-tri- 
O-methyl-L-arabonamide. 


Periodate Oxidation 


Bran hemicellulose (fraction 4) and acid degraded hemicelluloses I and II 
(100 mgm. each) were oxidized with 100 ml. of sodium metaperiodate (1%). 
All oxidations were done in the dark at 16°C. with shaking. Analyses for 
periodate consumption and formic acid production were made at various time 
intervals (5). The results are given in Table V. 

In a separate experiment 50 mgm. of the original hemicellulose was oxidized 
to completion with periodate. On freezing and thawing of the solution, the 
unoxidized portion of the hemicellulose precipitated out and, when washed 
with ice water and dried with ethanol and ether, yielded a white product 
(wt. 40 mgm.). Hydrolysis of this polysaccharide with 1% sulphuric acid and 
separation of the sugars by chromatography yielded arabinose (38%), xylose 


(52%). 
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TABLE V 
PERIODATE OXIDATION OF BRAN HEMICELLULOSE 








Time, hr. 





48 72 96 120 144 168 192 





Original hemicellulose 
Periodate consumed, * oo 0.58 — 0.58 0.58 0.58 0.59 


moles per Cs5HsO, 


Formic acid produced, 
moles per CsHs0, — 0.20 — 0.21 0.22 0.24 0.24 


Acid degraded hemicellulose I 
Periodate consumed, 
moles per Cs5H;0, 0.65 _— 0.65 —_— 0.65 _ 0.65 


Formic acid produced, 
moles per C5HsO, 0.29 _- 0.32 a 0.33 — 0.34 


Acid degraded hemicellulose IT 
Periodate consumed, 


moles per Cs5HsO, = 0.62 0.65 — 0.64 0.65 0.66 


Formic acid produced, 
moles per Cs5Hs0, — 0.33 0.34 _ 0.36 0.36 0.37 





*Corrected for periodate consumed tn formic acid production. 


Estimation of Degree of Polymerization 

Viscosity measurements.—Viscosity measurements were made on three 
preparations, bran hemicellulose in water solution and in cupriethylenediamine 
solution, and bran hemicellulose acetate in acetone solution. The solutions 
used contained 0.50, 0.25, 0.125, 0.0625, and 0.0317% of the component. The 
measurements were made in Oswald-Cannon-Fenske viscometers in a water 
bath at 25°C.+0.02°C. Intrinsic viscosity [n] was obtained by plotting ngp/c 
against c (gm./liter). The results were calculated from Staudinger’s equation 
using a K,, factor of 5.0 X 10-‘ as proposed for xylans by Husemann (8)..The 
degree of polymerization (P) for the hemicellulose in cupriethylenediamine 
solution and for the acetate in acetone solution was approximately 300. On the 
other hand, the value of P for hemicellulose in water was approximately 1000; 
this value suggested probable association of the molecules. 

Reducing power.—The copper reduction method of Somogyi (13) was used 
for determination of reducing power of three samples of bran hemicellulose 
(29.6, 39.0, and 45 mgm. respectively). Increasing the reaction period from 
30 min. to one hour did not affect the results. Based on the reducing power 
estimation, the hemicellulose contained one reducing group per 300+10 sugar 
units. A similar measurement based on estimation of reducing power by alka- 
line hypoiodite oxidation (5) gave a result of one reducing group for each 250 


units. 
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STUDIES IN THE POLYOXYPHENOL SERIES 


VIl. THE OXIDATION OF VANILLIN WITH SODIUM CHLORITE AND 
CHLORINE DIOXIDE! 


By R. M. HussBanp,? C. D. LoGANn,? AND C. B. PURVES 


ABSTRACT 

Vanillin almost instantly reduced 1.2 to 1.5 moles of aqueous chlorine dioxide 
at 20°C. or 5°C. and any pH between 1.2 and 6.5, and a white crystalline sub- 
stance with the composition of fa dihydroxyvanillin, C7H;O,(OCHs), was isolated 
in roughly 259% yield independently of the pH. When oxidized with aqueous 
sodium chlorite at 20°C. and pH 0.5, these crystals gave another crystalline 
substance with the composition of a dihydroxyvanillic acid, C7HsOs(OCHs). 
Although both these substances decomposed readily to red ‘oils and then to 
brown powders free of methoxyl groups, seven well characterized derivatives 
were prepared. The results showed that the substances were unsaturated, 
monohydroxy, diketone tautomers of a dihydroxyvanillin and the corresponding 
dihydroxyvanillic acid, but precise structures could not be assigned. Parallel 
oxidations of vanillin with aqueous sodium chlorite at 20°C. and pH 6 proceeded 
at a negligible rate, but near pH 5 a reaction that often seemed autocatalytic 
produced about 19% of 5-chlorovanillin. At pH 4 the aldehyde C7H;0,(OCHs) 
was isolated in 19% yield; at pH 1 this aldehyde (15%) was mixed with 7.7% 
of the corresponding acid C7H;0;(OCH;), but at pH 0.5 the latter alone was 
produced (28%). Chlorine dioxide and sodium chlorite therefore differed 
markedly in their oxidizing action and in the effect of pH upon it. When acting 
on vanillin, both oxidants also produced deep red, unstable oils with quinone-like 
properties and often containing chlorine. 


INTRODUCTION 


The earliest study of the action of chlorine dioxide on an organic substance 
was published in 1881 by Fiirst (4), who noticed that the gas reacted rapidly 
with ethylene exposed to bright sunlight. Schmidt and his collaborators (17, 
18, 19) used aqueous chlorine dioxide to remove lignin (a condensed phenolic 
ether) from wood, and extended Fiirst’s observation to many unsaturated 
aliphatic compounds and to phenols. Catalytic amounts of vanadium tri- 
chloride were sometimes used in these oxidations (19). The work of Fuchs and 
Honsig (3), later extended by Sarkar (15), showed that phenolic ethers and 
esters were oxidized by aqueous chlorine dioxide at a much slower rate than the 
phenols themselves, and that the oxidation products included carbon dioxide, 
oxalic acid, maleic acid, and small amounts of undefined, chlorinated com- 
pounds. With the exception of thio compounds and those containing reactive 
methylene groups, all saturated aliphatic substances examined, including 
polysaccharides and reducing sugars, were stable to aqueous chlorine dioxide. 
All of the above research was of a qualitative nature, and the hydrogen ion 
concentration was in no case controlled. 

Since an acidified solution of sodium chlorite displayed the same selectivity 
as an oxidant, and spontaneously decomposed to chlorine dioxide, the assump- 
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tion was often made that chlorine dioxide was the active agent in this case also. 
Jeanes and Isbell (7), however, observed that sodium chlorite oxidized aldose 
sugars quantitatively to the aldonic acids at a rate which increased as the pH 
decreased from 8, but that aqueous chlorine dioxide did so only with very great 
difficulty at any pH in the above range. Although chlorites and chlorine 
dioxide are now used to bleach cellulose pulps free from residual lignin, the 
above résumé shows that detailed knowledge concerning their oxidizing action 
on phenols and phenolic ethers is still exceedingly scanty. Information concern- 
ing vanillin, for example, is restricted to the remark that it is oxidized by 
chlorine dioxide (3, 15), and to the fact that a small yield of 2,4-furane di- 
carboxylic acid is formed in oxidations carried out with aqueous sodium chlorite 
near pH 3 (13). The present research had the object of extending these observa- 
tions. 


RESULTS AND DISCUSSION 


The concentration of dilute aqueous solutions of sodium chlorite, buffered 
within 0.1 unit at various pH values and kept at 20°C., was determined from 
time to time by an iodometric method responsive to chlorite, chlorine dioxide, 
and hypochlorite, but not to chlorate. These solutions were stable for many 
hours except at pH 1, when loss by the volatilization of chlorine dioxide might 
sometimes have been appreciable. As the plots A in Fig. 1 show, aqueous 
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Fic. 1. Rate of decomposition of chlorine dioxide at 20°C. in aqueous 10% sodium acetate — 
acetic acid buffers. Plots A, 13.5 mM. of chlorine dioxide; plots B, 20 mM. to 25 mM., per liter. 


solutions containing about 13.5 mM. of chlorine dioxide per liter were fairly 
stable on the acid side of pH 6, but at pH 7.3 decreased rapidly in strength 
owing to the formation of equimolecular amounts of chlorite and chlorate ion. 
The change was complete within 12 hr. More concentrated, 0.02 to 0.025 M, 
solutions of chlorine dioxide decomposed rather slowly when kept on the acid 
side of pH 4.5, but near pH 5 the decomposition assumed an autocatalytic 
form before becoming very rapid at pH 6.65 (plots B). This decomposition was 
among those reviewed by Taylor, White, Vincent, and Cunningham (22, 23) in 
their study of the inorganic chemistry of chlorine dioxide and chlorites. Taube 
and Dodgen (21) used radioactive chlorine to reveal the mechanisms involved 
when the oxidation state of the halogen changed. 
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A selection from more than thirty plots of the rate of reduction of the oxidant 
by vanillin is presented in Figs. 2 and 3, in which full lines refer to reductions 
of excess sodium chlorite, and broken lines to those of chlorine dioxide. Al- 
though the plots were corrected for the spontaneous decomposition of the oxi- 
dant, the rate of this decomposition might not be the same in the blank and 
in the presence of vanillin, since the residual concentrations at any time would 
be different. Moreover, most of the reductions were strongly exothermic, and 
it was difficult to keep the temperature at 20°C. during the initial period; the 
inorganic svstem was complex, and any quinone formed from the vanillin 
would interfere with the iodometric method used to determine the residual 
oxidant. Figs. 2 and 3, although reproducible, thus indicate merely the net 
change in the redox systems present, and details of the relevant estimations 
are omitted from this article. 
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Fic. 2. Apparent rate of reduction of oxidant at 20°C. Solid lines; vanillin, 15 mM., and 
sodium chlorite, 60 mM. per liter. Broken lines: vanillin, 4 mM. and chlorine dioxide, 21 mM. 
to 29 mM. per liter. 

Fic. 3. See legend for Fig. 2. Upper broken line at pH 6.5 uncorrected for chlorine dioxide 
blank. Upper solid line at pH 5.1, 65 mM. of sodium chlorite per liter: lower solid line at pH 5.1. 
60 mM. per liter. 


At pH 1.2, 1 mole of vanillin apparently reduced about 2.5 moles of sodium 
chlorite within a few minutes, and the reaction then became extremely slow. 
Although the initial rapid reduction was preserved at pH 4.5, a secondary 
reaction was now marked. When this experiment was repeated at 4°C., the 
initial reduction was almost unaffected, but the secondary one took more than 
two hours, instead of less than 20 min., to increase the total consumption of 
chlorite to 3.0 mole (not shown). The lower plot at pH 5.1 in Fig. 3 was ob- 
tained with the same concentration (60 mM. per liter) of sodium chlorite, but 
a slight increase in concentration to 65 mM. per liter produced the upper plot, 
whose form suggested an autocatalytic reaction. A reaction at pH 4.6 and 3°C. 
became apparently autocatalytic within two minutes, but this behavior was 
never observed on the alkaline side of pH 5.4, even when the concentration of 
chlorite was increased (not shown). In experiments carried out at pH 5.1 and 
6°C., the initial, nearly linear portion corresponding to the consumption of 
about 1 mole of chlorite required 2.5 hr., instead of 1 hr.; and 4 hr., instead of 
about 1.5 hr., elapsed before the total consumption was 3.0 mole per mole of 
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vanillin. At 20°C. and on the alkaline side of pH 5.1, the linear portion of the 
plot decreased in slope very rapidly, until the consumption of 0.2 moles ot! 
chlorite required 14.25 hr. at pH 6.2. No odor of chlorine dioxide was ever 
noticed at any acidity in these oxidations until more than 2 moles of sodium 
chlorite per mole of vanillin had been utilized. 

Figs. 2 and 3 (broken lines) also show that vanillin almost instantaneously 
reduced about 1.5 moles of chlorine dioxide at all pH values between 1.2 and 
6.5. A slower secondary reduction was evident on the alkaline side of pH 4.5, 
but could not be even approximately assessed at pH 6.5 because the observed 
data (upper plot) gave an absurd result (lower plot) when corrected for the 
large and uncertain blank. The proper correction would probably have placed 
this plot close to that for the reduction at pH 5.1. This experiment differed 
from those carried out at pH values less than 6 in that a little by-product 
chlorate was formed, but aqueous potassium chlorate was found to have no 
action on vanillin at pH 6.9, 5.7, or even 2.6. When the plots in Figs. 2 and 3 
were compared, it became evident that vanillin reduced approximately 1 mole 
more of sodium chlorite than of chlorine dioxide between pH 1 and pH 4.5 
and at all times; between pH 5 and 6.5, however, the relationship was reversed. 
The course of the initial oxidation with sodium chlorite was highly sensitive 
to pH, whereas that with chlorine dioxide was apparently independent of this 
factor. The two oxidants were therefore by no means equivalent. 

Much time was spent in attempts to isolate a crystalline product from the 
clear, bright red solutions that resulted when vanillin was oxidized with 
aqueous chlorine dioxide at pH 1 or pH 2.3. Such solutions, and also the 
unstable red oils isolated from them by evaporation or by extraction with 
ether, assumed a pale yellow color when reduced by sulphurous acid or by 
hydrogenation under mild conditions, and the red color was regenerated by 
the addition of benzoquinone or by the access of air. Condensations with 
aniline, p-anisidine, hydroxylamine, o-phenylenediamine, and diazotized 
anilines provided small yields of brown or black powders. The whole mass of 
observations suggested that the initial product of the oxidations was an 
unstable, methoxylated quinone that readily changed to brown, amorphous 
substances of lower methoxyl content. Eventually small yields of a white 
substance, melting at 101°C. and crystallizing as tufts of very fine needles or as 
prisms, were isolated. Success in isolating these crystals depended upon extract- 
ing the solution of the oxidized vanillin at the proper time with ether, upon 
maintaining a low temperature, and upon speed in freeing the extract from 
water and any traces of acid. Buffers employing sulphuric, phosphoric, or 
citric acid had to be used, because acetic acid was readily extracted from the 
aqueous solution by the ether and accelerated the decomposition of the pro- 
duct. The final procedure made it possible to isolate the purified crystals from 
oxidations at pH 1, pH 4, and pH 5.8 in a uniform yield of 25% to 30% by 
weight. In addition to these crystals, the ether extract contained considerable 
amounts of an unstable, chlorinated oil whose orange color quickly darkened 
on standing. Neither this oil nor the aqueous residue, which turned black when 
warmed to expel the ether, were examined further. 
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The crystalline product possessed the formula C;H;0,(OCH;) and was 
extracted less readily by ether from solution in aqueous sodium bisulphite 
than from a more concentrated solution in water. Ammoniacal silver nitrate 
(Tollen’s solution) was quickly reduced by the crystals, which also yielded a 
crystalline mono-2,4-dinitrophenyl hydrazone and a crystalline monosemi- 
carbazone. This evidence for the presence of an aldehyde group was confirmed 
by oxidizing the substance at pH 0.5 with chlorous acid to a crystalline acidic 
substance, C7H;0;(OCH:;), decomposing at 143° to 144°C., and giving a nearly 
quantitative yield of a crystalline monoester when boiled with methanol 
containing a trace of sulphuric acid. Although two acidic groups were revealed 
in the acid by a potentiometric titration against standard sodium hydroxide, a 
marked buffering effect between pH 9 and pH 11 suggested that one of these 
groups was phenolic or enolic. When added to saturated sodium bicarbonate 
solution, the aldehyde displayed a slight acidity that was also attributed to a 
phenolic unit. Since both substances were derived from vanillin, C;Hs0.(OCHs), 
the aldehyde was at first regarded as a dihydroxy vanillin, and the acid as the 
corresponding dihydroxyvanillic acid. 
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Both the aldehyde and acid, however, failed to give a distinctive color in the 
ferric chloride test for phenol. When examined by the Zerewitinoff method with 
methyl magnesium iodide, the aldehyde was found to contain only one atom, 
instead of the expected three atoms, of active hydrogen, and to add 3 moles, 
instead of the expected 1 mole, of the Grignard reagent. In similar fashion, the 
acid contained only 2 moles of active hydrogen and added 3 moles of the 
reagent. These observations suggested that the aldehyde and acid existed as 
ketonic tautomers analogous to the keto forms in which metapolyhydric 
phenols like resorcinol and phloroglucinol tended to react. Structures I, II, and 
III, which were metadiketones derived from 5,6-, 2,5-, and 2,6-dihydroxy- 
vanillin, thus came into consideration. 

Although the acid (R = COOH) slowly added two atoms of bromine per 
mole, an attempt to hydrogenate it over a palladium catalyst and with two 
atmospheres pressure of hydrogen ended with no absorption of the gas. Since 
double bonds conjugated with ketone or carboxy] groups tended to be hydro- 
genated less readily than isolated double bonds (5), the observation gave 
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support to Structures I and II rather than to Structure III. Hydrogenation 
of the aldehyde (R = CHO) under the same conditions required 2 moles per 
mole and yielded a distillable oil with the formula C;HyO,(OCH;) which 
might have been a mixture of cis—trams isomers. Since this oil failed to form a 
phenylhydrazone and contained two atoms of active hydrogen, it appeared 
that the aldehyde had been reduced to a benzyl alcohol group, and that the 
double bond was then reactive enough to absorb the second mole of hydrogen. 
The replacement of the palladium by a platinum catalyst caused the consump- 
tion of a third mole of hydrogen, possibly by the reduction of the aldehyde toa 
methyl unit, as was shown to occur when vanillin was hydrogenated under the 
same conditions. An attempt to demonstrate the presence of ketone groups in 
the acid (R = COOH) by preparing a 2,4-dinitrophenyl hydrazone failed. 

Methylation of the acid with silver oxide and methy!] iodide gave a practi- 
cally quantitative yield of a colorless, distillable oil with the composition, 
C;H;0;(OCH;);, expected for the monomethyl ether-monomethy! ester. An 
attempt to saponify this ester with hot 5% aqueous sodium hydroxide, how- 
ever, produced a crystalline substance which contained no methoxyl groups 
and had the composition of a tetrahydroxybenzoic acid, C7;H,O2(OH),. When 
titrated potentiometrically with alkali, this substance gave a plot similar to 
that obtained in the titration of the original acid (R = COOH) and the pre- 
sence of one carboxyl and one acidic hydroxyl group was inferred. The sub- 
stance probably existed in a ketone form analogous to one or other of the 
Structures I, II, or III, because it contained only three atoms of active 
hydrogen per mole, instead of the five expected for a tetrahydroxybenzoic acid. 
This substance was also obtained in good yield when an attempt was made to 
methylate the original acid (R = COOH) with sodium hydroxide and dimethyl 
sulphate. Such easy demethylations of the acid and its monoether-monoester 
seemed consistent with the alternative structures advanced, since both the 
methyl ether and the phenolic hydroxyl positions would probably be highly 
activated by neighboring functional groups. The methylation of the acid 
(R = COOH) with diazomethane in ether yielded, not the expected mono- 
methy! methy! ester, but unstable colorless needles melting with decomposition 
at 116° to 118°C. and having the formula C7;H;0;(0CH3;)3(CH2N2)2. Since 
treatment of the monomethy! methyl] ester with diazomethane gave the same 
substance, it was thought probable that two molecules of diazomethane had 
added to the two ketone groups. The usual result of such addition is ring expan- 
sion with loss of nitrogen; but in this case the adduct was stable enough to be 
isolated. One mole of the diazomethane, of course, might have added to the 
double bond. An attempt to methylate the aldehyde (R = CHO) with diazo- 
methane yielded 46% by weight of an unstable orange glass with the methoxyl 
content required for the adduct C7H,O;(OCH3;).(CH2N2)2, but the substance 
decomposed before further data could be secured. 

Dr. D. A. Ramsay, of the National Research Council of Canada, kindly 
determined the infrared absorption of the acid (R = COOH) in the form of a 
mull in Nujol. He attributed a broad band from wavelength 3400 cm.— to 
3000 cm.— to hydroxyl groups in a state of hydrogen bonding; the absence of a 
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sharp band in the region 3600 cm.—' to 3700 cm.~ indicated that no unbonded 
hydroxy! groups were present. Three bands at 1724 cm.—', 1704 cm.—', and 1689 
cm.~' were consistent with a structure containing one carboxyl group and one 
unconjugated and one conjugated ketone group. Two bands at 1651 cm.~ and 
1612 cm.—' suggested the presence of two, rather than only one, ethylenic 
linkages, and the bands at 1450 cm.—! and 1379 cm.“ might be correlated with 
the methoxy group. Although the remaining bands in the spectrum were diffi- 
cult to interpret, the absorption at 835 cm.—' was consistent with triple sub- 
stitution around a double bond (RiR»C==-CHR;) because such substitution 
was usually accompanied by absorption in the region 810 cm. to 840 cm.—!. 
Thus the absorption in the infrared supported structures I, II, and III, but 
failed to discriminate sharply between them; the authors’ preference for 
Structure I therefore rested on nothing more than the observation that 
vanillin was substituted as a rule in the fifth or sixth, rather than in the second, 
position. Baker and Brown (2), for example, obtained 5-hydroxyvanillin 
(3,4-dihydroxy-5-methoxy-benzaldehyde) in 3.6% yield by an Elbs oxidation 
of vanillin by potassium persulphate in alkaline solution. 

Attempts to elucidate the nature of the aldehyde (R = CHO) were greatly 
hampered by its instability. Although the pure white crystals could be pre- 
served for some time in a desiccator containing a dehydrating agent, a cold 
aqueous solution assumed a deep red color within a few hours. The same change 
occurred very quickly in cold, aqueous sodium bicarbonate. When a trace of 
pyridine or piperidine was added to a solution of the crystals in ether, a red oil 
quickly separated. This oil initially had a methoxyl content approaching that 
of the original aldehyde (16.9%), but when kept either im vacuo or in aqueous 
solution quickly changed to a brown, amorphous substance almost free of 
methoxyl groups and insoluble in ether, although still soluble in water. 
Attempts to acetylate the aldehyde with acetic anhydride and pyridine under 
various conditions gave red sclutions from which no well-defined acetate could 
be recovered. A freshly prepared aqueous solution of the aldehyde had a 
marked tanning action on the skin, and much of the solute was absorbed by 
hide powder in the standard test for tannins. Aqueous solutions of the acid 
(R = COOH) were considerably more stable than those of the aldehyde, but 
nevertheless soon decomposed to red substances. 

As already mentioned, the initial oxidation of vanillin by aqueous sodium 
chlorite, unlike that by chlorine dioxide, was greatly dependent upon the pH 
of the system (Figs. 2 and 3). At pH 0.5, the sodium chlorite oxidation yielded 
40% by weight (28% of theory) of the acid (R = COOH), at pH 1.0 a mixture 
of the aldehyde (R = CHO) and acid resulted, and at pH 4.0 25% (19% of 
theory) of the aldehyde was the only product identified. Sodium chlorite 
therefore differed from chlorine dioxide in oxidizing the aldehyde group of 
vanillin when the pH was sufficiently low, as Jeanes and Isbell (7) had pre- 
viously observed in their oxidations of glucose. The other product isolated 
when vanillin was oxidized with sodium chlorite was 5-chlorovanillin, which 
was carefully differentiated from the 6-chloro isomer. Experiments carried out 
at pH 4.7 and pH 5.05 near 5°C., and at pH 6.0and higher at room temperature, 
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produced 4%, 17% to 19%, a trace, and 0%, respectively, of 5-chlorovanillin. 
A sharp maximum in yield therefore occurred near pH 5, or in the region where 
the rate of oxidation plot (Fig. 3) often suggested an autocatalytic reaction. 
The yield was negligible at pH 6 or more because the whole reaction was 
negligible, and trial showed that 5-chlorovanillin itself was rapidly oxidized to 
a dark colored oil in media more acidic than pH 5. The production of the 5- 
chloro derivative was attributed to a side-reaction peculiar to sodium chlorite; 
none was observed in the experiments with chlorine dioxide, but this oxidant 
was too active, even at pH 5, to permit any 5-chlorovanillin formed to survive 
unchanged. 


EXPERIMENTAL 


The vanillin used was recrystallized from aqueous alcohol until it melted 
correctly at 82° to 83°C. Sodium chlorite, of analytical grade, was kindly 
presented by the Mathieson Alkali Company of New York. The Coleman pH 
Electrometer was frequently standardized against 0.05 M potassium acid 
phthalate, whose pH at 25°C. was accepted as 4.0 (6, 11). 


Reduction of Sodium Chlorite by Vanillin (Figs. 2 and 3) 

The buffers used consisted of dilute sulphuric acid for pH 1, 10% acetic acid 
for pH 2.2, and 5.2% sodium acetate plus the appropriate amount of acetic acid 
for the higher pH range. Frequent tests during each experiment showed that 
these buffers maintained the original pH to within one-tenth ofa unit. Vanillin, 
0.913 gm. (6 mM.), was dissolved in 200 cc. of the buffer contained in a glass- 
stoppered, amber bottle maintained at 20°+0.1°C. in a thermostat. An equal 
volume of 0.12 M sodium chlorite, also at 20°C., was added at zero time with 
thorough mixing. A blank containing no vanillin was simultaneously prepared. 
At intervals a 10 cc. aliquot was removed and was mixed with about 90 cc. of 
water containing 10 cc. of aqueous 10% potassium iodide and 20 cc. of 20% 
sulphuric acid. The liberated iodine was titrated with 0.025 N sodium thio- 
sulphate with a starch solution as indicator, and the result when corrected for 
the corresponding blank was expressed as moles of sodium chlorite reduced. 
One mole was considered equivalent to 4 liters of V iodine (22, 23). Concordant 
results were obtained by treating the 10 cc. aliquot with 15 cc. of the potassium 
iodide solution and 15 cc. of 30% acetic acid according to Jeanes and Isbell (7), 
but acidification with only 10 cc. of 20% sulphuric acid was insufficient. 


6-Chlorovanillin 


Three grams (19.7 mM.) of vanillin, dissolved in 200 cc. of an adequate 
sodium acetate buffer at pH 5.05, was mixed near 5°C. with 77.5 cc. of 1.04 Af 
aqueous sodium chlorite (80.5 mM.). The separation of a buff-colored solid 
from the cold solution was essentially complete after 42 hr. and the clear, dark 
red color of the filtrate could be discharged to orange-yellow by sulphur 
dioxide. A 1.03 gm. sample of the solid was extracted with ether in a Soxhlet 
apparatus and, when concentrated, the red ether extract slowly deposited 
cubical crystals. The remainder of the product consisted of dark red, viscous 
oils which were soluble in benzene, and of amorphous, insoluble solids. 
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After several recrystallizations from benzene, the above crystals, now shining 
white leaflets, had the elementary analysis and the Rast molecular weight of a 
chlorovanillin. Their melting point, 164° to 165.4°C., was correct for 5-chloro- 
vanillin, and was not depressed by admixture with an authentic sample: 
admixture with authentic 6-chlorovanillin (m.p. 170°C.) depressed the value 
below 143°C. Acetylation of 0.14 gm. of the crystals with 2 cc. of acetic 
anhydride and one drop of concentrated sulphuric acid gave a 90% yield of 
pure 3-methoxy-4-acetoxy-5-chlorobenzal diacetate melting correctly at 
118°C. (corrected). Authentic samples of the above diacetate, and also of the 
6-chloro isomer (m.p. 144°C.) were prepared according to the method of 
Raiford and Lichty (14) for comparison. The yield of pure 5- chlorovanillin 
was 0.62 gm. or 17% of theory, and was 19% in a duplicate experiment. 


Preparation and Analysis of Aqueous Chlorine Dioxide 


To avoid the risk of explosions, chlorine dioxide gas was always prepared in 
dilution with an equimolecular amount of carbon dioxide by Schacherl’s 
method (16), as described in detail by Sarkar (15). This method involved 
heating a mixture of potassium chlorate, 25 gm., oxalic acid dihydrate, 20 gm., 
and 80 cc. of cold 33% (by volume) sulphuric acid to 30° to 60°C. The evolu- 
tion of gases from larger-scale preparations occasionally became too violent 
to be easily controlled. An all-glass apparatus coated with black paint was 
used, and the effluent mixture of gases was scrubbed with a saturated solution 
of sodium chlorite to replace any chlorine with chlorine dioxide. The effluent 
chlorine dioxide was absorbed in ice-cold, distilled water contained in a glass- 
stoppered, amber bottle until a concentration of 0.2 M to 0.3 M was attained. 

These solutions were tested for their content of chlorine or hypochlorous 
acid by titrating aliquots iodometrically in a phosphate buffer at pH 7, and 
then by continuing the titration to the end point in dilute sulphuric acid. The 
first titration measured only one of the five oxidizing equivalents of the 
chlorine dioxide, plus those of any chlorine or hypochlorous acid, while the 
second or ‘‘acid” titration determined only the remaining four oxidizing 
equivalents of the chlorine dioxide. Five-fourths of the ‘‘acid” titration 
therefore gave the molar equivalent of the chlorine dioxide, and the difference 
between one-fourth and the first titration corresponded to the content’ of 
chlorine and hypochlorous acid. In practice, this content never exceeded 2 mM. 
per liter, or was almost within the experimental error. Since the solutions were 
usually diluted to 0.03 M to 0.07 M in chlorine dioxide before use, they were 
considered to be free of chlorine. Routine estimations could then be performed 
in acid solution as described for sodium chlorite solutions, 1 mole of chlorine 
dioxide being assumed to liberate five atoms of iodine. 

The rapid deterioration of 0.0134 M chlorine dioxide in a buffer at pH 7.3 
(Fig. 1, plot A) was followed by titrating 10 cc. aliquots iodometrically in acid 
solution. After 12 hr. at 20°C., 16.57 cc. of 0.0246 N sodium thiosulphate was 
required, corresponding to 0.0082 Af chlorine dioxide. Another 10 cc. aliquot 
was analyzed by the method of Kolthoff and Furman (9) to include chlorate 
by being boiled for one minute with 1.3 gm. of ferrous sulphate. Excess potas- 
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sium iodide was then added to reduce the ferric iron formed, and the liberated 
iodine was titrated with 35.5 cc. of the standard sodium thiosulphate. After 
correction for the ferrous sulphate blank (1.55 cc.) and for the chlorine dioxide 
(16.57 cc.), the chlorate corresponded to 17.4 cc. or was 0.0071 M. This value 
was in fair agreement with the figure of 0.0067 Mf calculated for the complete 
decomposition of chlorine dioxide into equimolecular amounts of chlorite and 
chlorate. 


Reduction of Chlorine Dioxide by Vanillin (Figs. 2 and 3) 


The buffers were those used in the parallel reductions of sodium chlorite. 
In a typical experiment, 100 cc. of 0.008 M vanillin in the desired buffer, 
contained in a glass-stoppered, amber bottle, was brought to 20°+0.05°C. ina 
constant temperature bath. A blank containing no vanillin was prepared. At 
zero time, cold, approximately 0.03 M aqueous chlorine dioxide, 100 cc., was 
added to the solution and the blank, and the stoppered bottles were quickly 
shaken. The heat of the initial reaction raised the temperature of the vanillin 
solution close to that of the bath almost immediately. From time to time, the 
residual oxidant in 10 cc. aliquots was determined iodometrically as chlorine 
dioxide. The apparent chlorine dioxide content of the blanks was plotted 
against time (cf. Fig. 1), and the difference between these plots and the corre- 
sponding values for the solution was accepted as the chlorine dioxide reduced 
by the vanillin. 

Preparation of Aldehyde C;H;O.(OCHs) 

(a) With chlorine dioxide. Thirty grams (0.2 mole) of vanillin was dissolved 
in 1400 cc. of a 0.4 M citric acid - 0.8 M disodium hydrogen phosphate buffer 
for pH 4.0 made up according to MclIlvaine’s proportions (10) but with four 
times the recommended concentrations. After this solution had been chilled, 
820 cc. of 0.41 M aqueous chlorine dioxide (0.4 mole) was added near 0°C., 
and the flask was cooled efficiently to dissipate the considerable heat of the 
reaction. The solution immediately became dark red but this color changed in 
about two hours to a golden yellow. At this stage the excess chlorine dioxide 
was removed by passing nitrogen gas through the solution, which was then 
extracted with 2 liters of ether. Toward the end of the extraction the solution 
gradually became opaque and dark red-brown in color. The yellow ether extract 
was dried over anhydrous sodium sulphate and was concentrated to about 150 
cc. on a steam bath. When this concentrate was further evaporated in vacuo 
without warming or access of moisture, it became very cold and deposited 
white crystals, which were recovered on a filter and were freed from traces of 
an orange-brown oil by washing with a small amount of cold, anhydrous ether. 
Concentration and “freezing out’’ were repeated three or four times to give a 
total yield of 9.0 gm. (25%) of the crystals, and the final mother liquor con- 
tained 7.1 gm. of a chlorine-containing, orange oil which darkened on standing. 
Benzene was the best solvent found for recrystallization, and the pure prisms 
melted at 104° to 105°C. Found: C, 52.1, 52.4; H, 4.4, 4.4; OCHs, 16.7, 16.7%; 
mol. wt. (Rast) 182. Calc. for C;Hs0,(OCH;): C, 52.1; H, 4.4; OCHs, 16.9%; 
mol. wt. 184. 
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The substance evolved 1.06, 1.01 atoms of active hydrogen in the Zere- 
witinoff (12) estimation, and 3.83, 3.90 moles of the Grignard reagent was 
consumed per gram mol. wt. Pyridine was the solvent for the sample and butyl 
ether for the methyl magnesium iodide. 

(6) With sodium chlorite at pH 4. Two grams of vanillin was dissolved in 
100 cc. of the McIlvaine standard buffer, pH 4.0, but used in four times the 
usual strength. When 5 gm. of sodium chlorite in 25 cc. of distilled water was 
added, the solution turned orange, green, and then yellow, and the presence of 
chlorine dioxide became apparent for the first time at the yellow stage. The 
aldehyde was isolated as already described in a yield of 0.5 gm. or 19%, m.p. 
104° to 105°C., not depressed by admixture with a sample prepared with chlor- 
ine dioxide. None of the acid C;H;0;(OCH;) (see below) could be isolated. 
2,4-Dinitrophenylhydrazone of Aldehyde C;H;0,(OCH3) 

A 0.20 gm. sample, dissolved in a few cc. of alcohol, was stirred with 60 cc. 
of filtered Brady’s solution containing 4 gm. of the dinitrophenylhydrazine 
per liter. After about 20 sec. the solution became opalescent, and after one 
hour the bright yellow deposit was collected and thoroughly washed with 
water. Yield 0.37 gm. or 97% of theory, and m.p., 192° to 193° (uncorrected). 
Found: N, 15.7, 15.8%. Calc. for CisHi2NsOs: N, 15.4%. 

Semicarbazone of Aldehyde C;H,O,(OCH3;) 

The sample (0.05 gm.) was mixed in a small centrifuge tube with 0.05 gm. of 
semicarbazide hydrochloride and 0.75 gm. of anhydrous sodium acetate. A few 
cubic centimeters of water was added with stirring, and the semicarbazone 
separated as the original substance dissolved. The white precipitate, after 
being washed in water and dried at 50°C. in vacuo, was recovered in quantita- 
tive yield. Found: N, 16.9; 17.1%. Calc. for CsHi.N305: N, 17.4%. The semi- 
carbazone melted at 163° (uncorrected) with decomposition. 

Hydrogenation of Aldehyde C;H;0;(OCH3) 

(a) The sample, 1.84 gm. (0.01 mole) was dissolved in 30 cc. of anhydrous 
dioxane, and 20 mgm. of a palladium catalyst (20) was added. The mixture 
when shaken in an Adkins hydrogenator at room temperature and about 
35 p.s.i. hydrogen pressure absorbed 2 moles per mole in two hours, and no 
more was consumed in an additional hour. 

After filtration, the colorless solution was evaporated in a vacuum toaslightly 
discolored, viscous oil weighing 1.85 gm. This oil when distilled at 120°C. and 
125u pressure yielded a colorless product with refractive index - 1.4670. 
Found: C, 51.5, 51.4; H, 6.4, 6.3; OCHs, 16.6, 16.7%. Calc. for C7HsO,(OCH;): 
C, 51.1; H, 6.4; OCHs;, 16.5%. A Zerewitinoff estimation (12) showed the 
presence of 2.03, 1.97 atoms of active hydrogen per mole. 

(6) A microscale hydrogenation was carried out in apparatus described by 
Johns and Seiferle (8). When the apparatus was tested with pure vanillin and a 
platinum oxide catalyst, 1.98 moles of hydrogen per mole was used. The alde- 
inyvde group in vanillin had therefore been reduced to a methyl group. 

Samples of the aldehyde, C7H,O,(OCH;), 6.04 mgm. and 6.13 mgm., 
required 2.23 cc. and 2.27 cc. of hydrogen at S.T.P., corresponding to consump- 
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tions of 3.03, 3.04 moles, respectively, per calculated mol. wt. of 184. A repeti- 
tion of the hydrogenation on a larger scale gave a colorless glass unaffected by 
aqueous sodium bicarbonate and by 2,4-dinitrophenylhydrazine, and giving 
no distinct color with ferric chloride solution. 


Methylation of Aldehyde C;H;0,(OCH;) with Diazomethane 


A solution of 1 gm. of the aldehyde in anhydrous ether was mixed with excess 
of an ether solution of diazomethane prepared from 10 gm. of nitrosomethy!l- 
urea (1). A pale yellow precipitate, 0.46 gm., settled, which after recovery 
became dark orange in color. The substance decomposed when heated to 80°C., 
was insoluble in petroleum ether and benzene, but dissolved in methanol, 
ethanol, and acetone. All attempts at recrystallization yielded an orange glass. 
Found: OCH;, 22.1, 22.2%. Calc. for C7H4«O3(OCH3)2(CH2N2)2: OCH3, 22.0%. 
The residue from the ether was also a yellow glass that became dark on exposure 
to air. 


Preparation of the Acid C;H;0;(OCHs) 


(a) At pH 0.5. Thirty grams (0.2 mole) of vanillin, dissolved in 1500 cc. of 
aqueous sulphuric acid (pH 0.5), was mixed with 72 gm. (0.8 mole) of sodium 
chlorite dissolved in 150 cc. of water. The solution became dark red, but this 
color gradually faded to orange and then to golden yellow. After 45 min. the 
chlorine dioxide formed in the reaction was removed by bubbling nitrogen 
through the solution, which was then saturated with sodium chloride and 
extracted with ether. The ether extract was dried over anhydrous sodium 
sulphate and concentrated to about 150 cc. When the remaining ether was 
evaporated in vacuo at room temperature, a total of 12 gm. (28% of theory) 
of white crystals was recovered from 17 gm. of a residual yellow oil. Qualitative 
tests revealed a high chlorine content in this oil, but when exposed to the air it 
quickly changed to a dark, viscous tar. 

The crystals were washed with cold, anhydrous ether, and when recrystal- 
lized from a mixture of ether and low-boiling petroleum ether formed large, 
colorless, glistening plates melting with decomposition at 143° to 144°C. 
(uncorrected). Found: C, 48.0, 48.1; H, 4.1, 4.1; OCHs, 15.6, 15.5%. Calc. for 
C;H;0;(OCH;): C, 48.0; H, 4.0; OCH3;, 15.5%. The total Grignard reagent 
consumed in a Zerewitinoff (12) estimation was 4.80, 4.87 moles, and 2.01, 
1.97 atoms of hydrogen were evolved, per calculated mol. wt. of 200. A 50 mgm. 
sample was neutralized to a potentiometric end point near pH 8 by 5.60 cc. of 
0.0914 N caustic soda, corresponding to a neutralization equivalent of 98. 

The acid was insoluble in petroleum ether and benzene, but dissolved in 
alcohol, water, chloroform, and ether. 

(6) At pH 1.0. A solution of 10 gm. of vanillin in 500 cc. of distilled water 
adjusted to pH 1 with sulphuric acid was mixed with another made from 19 gm. 
of sodium chlorite and 50 cc. of water. After 2.5 hr., during which time the 
color changes already described occurred, the mixture was saturated with salt 
and extracted with ether. The crystalline product, 2.8 gm., recovered from the 
ether was separated by extraction with benzene into the benzene-soluble 
aldehyde C7;H,O,(OCHS) (1.8 gm. or 15% of theory) melting at 104° to 105°C. 
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and the benzene-insoluble acid C;H;O;(OCH;) (1.0 gm. or 7.7¢¢), melting at 
143° to 144°C. Neither melting point was depressed when samples of each 
product were mixed with the appropriate authentic specimen. 

(c) From the aldehyde C;H;0,(OCH3;). The oxidation (a) was repeated at 
pH 0.45 with 2 gm. (0.013 mole) of the aldehyde dissolved in 100 cc. of aqueous 
sulphuric acid, 4.5 gm. (0.05 mole) of sodium chlorite being used. After remov- 
ing the by product chlorine dioxide, the colorless aqueous solution was extracted 
with ether. A quantitative yield of the acid remained, and the melting point of 
this product was not depressed by admixture with an authentic sample. Found: 
OCHs, 15.4, 15.5%. Calc. for C;H;0;(OCH;): OCHs, 15.5%. 

Methylation of the Acid C;H;0;(OCH3;) 

(a) With diazomethane. An excess of an ethereal solution of diazomethane 
was added to a solution of 1 gm. of the acid dissolved in ether. Large, colorless 
needles, melting at 116° to 118°C. with decomposition, separated from the 
solution after a short time. No solvent was found from which che product could 
be recrystallized without decomposition. Found: C, 46.5, 46.2; H, 5.0, 5.1; 
OCH 3s 29.9, 29.9: N, 17.8, 17.8%. Calc. for C;H;03;(O0CH3)3-2CH2N2: c. 46.5; 
H, 5.2: OCH, 30.0; N, 18.1%. 

(6) With methanol. One gram of the acid was heated under reflux for 10 hr. 
with 10 cc. of dry methanol containing two drops of concentrated sulphuric 
acid. Concentration of the solution under vacuum brought about the separation 
of a crystalline mass melting at 115° to 118°C. with previous softening. Re- 
crystallization from a low-boiling petroleum ether — ether mixture yielded a 
product which melted at 125° to 126°C. after being washed with water and 
dried. Found: OCH;, 29.2, 29.1%. Calc. for C;H,O,(OCH3)2: OCHs3, 29.0%. 

This ester, when re-methylated with diazomethane, yielded the substance 
C;H,0;(OCH3;);-2CH2N>2 with the proper melting point of 115° to 117°C., 
undepressed by admixture with the specimen prepared directly from the acid 
C-H;0;(OCHs). 

(c) With dimethy! sulphate. A solution of the acid, 1.4 gm., and sodium 
hydrosulphite, 0.2 gm., in a small amount of water was methylated by the 
alternate addition, with continuous stirring, of 2 cc. volumes of dimethyl 
sulphate and 5 cc. volumes of 30% sodium hydroxide. The total volumes added 
were 10 cc. and 20 cc., respectively. After the mixture had been kept near 
100°C. for an additional two hours, acidification and continuous extraction 
with ether vielded 1.2 gm. of a red oil. This oil partly crystallized one day later, 
and after recovery the crystals were recrystallized from a very small volume of 
ethyl acetate. The product, still slightly pink in color, decomposed at 172° to 
175°C. with discoloration and the evolution of gas. Found: C, 45.4, 45.0; H, 
3.27, 3.23; OCH;, 0.0%. Calc. for C;H.Og: C, 45.2; H, 3.2%. The substance 
evolved 2.95 atoms of hydrogen per mol. wt. 186 in a Zerewitinoff estimation 
(12). A 15.15 mgm. sample, when titrated to a potentiometric end point near 
pH 8, consumed 6.80 cc. of 0.0239 V sodium hydroxide. The neutralization 
equivalent was therefore 93. 

(d) With silver oxide and methy] iodide. A mixture of the following sub- 
stances was heated under reflux for four hours on a steam bath: 4.0 gm. of the 
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acid C;H;0;(OCH;), 50 cc. of anhydrous acetone, 50 cc. of methy! iodide 
freshly distilled over phosphorous pentoxide, 12 gm. of dry silver oxide, and 
8 gm. of regenerated Drierite. The acetone was included because the acid was 
insoluble in methyl iodide. The product, recovered by filtration of the reaction 
mixture and evaporation of the filtrate, consisted of a viscous, slightly yellow 
oil weighing 4.40 gm. One gram of this oil when distilled boiled at 92°C. and 
120y pressure, and the colorless product had the refractive index, np, 1.4940. 
Found: C, 52.4, 52.5; H, 5.3, 5.2; OCHs, 40.7, 40.7%. Calc. for C;H303;(OCHs)s: 
C, 52.6; H, 5.3; OCHs, 40.8%. 

This oil, when re-methylated with diazomethane, yielded the crystals 
C7;H;0;(OCH3)3-2CH2Ne. Although the substance melted with decomposition 
at 110° to 112°C. instead of 116° to 118°C., and could not be recrystallized, a 
mixed melting point with a sample prepared directly from the acid C;H,;O5 
(OCH;) was not depressed. 

Another portion of the above oil was heated on a steam bath with 5% 
aqueous sodium hydroxide; the solution was acidified and extracted with ether. 
The extract yielded a crystalline product whose melting point of 172° to 174°C. 
was not depressed by admixture with the crystals, C7;H.Q., obtained in the 
attempt to methylate the acid C;H;0;(OCH;) with dimethyl sulphate and 
sodium hydroxide. 
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STUDIES IN THE POLYOXYPHENOL SERIES 


VII. THE OXIDATION OF SUBSTANCES RELATED TO VANILLIN 
WITH SODIUM CHLORITE AND CHLORINE DIOXIDE! 


By C. D. LoGan,? R. M. HusBanp,’ anp C. B. PuRVES 


ABSTRACT 

The research coniirmed the fact that chlorine dioxide and sodium chlorite 
were not equivalent in their oxidizing properties. At 22° C. or less, the oxidation 
of pyrogallol by aqueous sodium chlorite at pH 6 was very slow, but became very 
rapid on the acid side of pH 3.5. The amorphous, colored products probably did 
not include purpurogallin. Under similar circumstances p-hydroxybenzaldehyde 
was unaffected at pH 6; 22% was oxidized to p-benzoquinone (Dakin’s reaction) 
at pH 5, and this amount increased to 39% at pH 1. The yield of benzoquinone 
was about 24% regardless of pH within the above range when aqueous chlorine 
dioxide was the oxidant. Sodium chlorite at pH 0.9 produced a 91% yield of 
methoxy-p-quinone from methoxy-p-hydroquinone; at pH 4 this product was 
mixed with 56% of 4,4’-dimethoxydiquinone, but near pH 6 a slower oxidation 
did not proceed beyond 4,4’-dimethoxyquinhydrone. Aqueous chlorine dioxide 
yielded at least 92°% of monomeric methoxyquinone at all pH values between 
1 and 6, probably in accord with the equation, 

3 hydroquinone+3 ClO2— 3 quinone +2 HCI+HCIO; (+3 0+3 H). 

The simultaneous formation of hydrogen peroxide was suspected, but not proved. 
In sharp distinction to the behavior of free phenols, veratraldehyde was not 
oxidized by aqueous chlorine dioxide between pH 6 and pH 3, but at pH 1a slow 
reaction yielded up to 15% of veratric acid. Sodium chlorite produced about 
92% of the same acid at pH 1 and pH 4, but its action was negligible at pH 5. 
Since by-product chlorine dioxide was ineffective at pH 4, it was possible to 
confirm the validity of the Jeanes—Isbell equation for the reduction of chlorous 
acid: 

C.H3(OCH;)2CHO+3 HCIO:— C.H3(OCH:)2COOH +2 ClO.+HCI+H:0. 
The oxidation of acetylated vanillin was complicated by the occurrence of 
deacetylation. Red, chlorinated oils with quinoidal properties were also formed 
in most of the above oxidations. 


INTRODUCTION 

Although aqueous solutions of sodium chlorite and of chlorine dioxide have 
often been considered to be equivalent in their bleaching action, a recent 
research (11) showed that they oxidized vanillin in somewhat different ways. 
Oxidations with chlorine dioxide at 20° C. seemed to be independent of the 
hydrogen ion concentration between pH 1 and pH 6 and did not alter the 
aldehyde group in vanillin. Sodium chlorite, however, had no effect at pH 6, 
produced about 19% of 5-chlorovanillin at pH 5, appeared to duplicate the 
behavior of chlorine dioxide at pH 4, and produced derivatives of vanillic 
acid at pH 3 or less. In order to determine the characteristics of the two 
oxidants more fully, their action on several other phenolic substances has 
now been studied. 

Schmidt, Hagg, and Sperlin (27) observed that an excess of chlorine dioxide 
in presence of a vanadium chloride catalyst produced about 25% yields of 

‘Manuscript received September 21, 1954. 
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both oxalic acid and maleic acid from pyrogallol, one of the most readily 
oxidizable phenols. The present research employed a sixfold to sevenfold molar 
proportion of sodium chlorite buffered to within one-tenth of a pH unit, and 
the consumption of chlorite (Fig. 1) was followed by determining the amount 
remaining after various times. Iodometric methods of estimating chlorite in 
presence of pyrogallol proved unsuitable, and the method eventually used 
depended upon the quantitative oxidation of sodium bisulphite by chlorous 
acid to sodium sulphate (12), which was determined gravimetrically as the 
barium salt. This tedious method gave reproducible results (plot for pH 2), 
although complications introduced by the chlorine dioxide also formed made 
their absolute value uncertain. 

When the solutions of pyrogallol and sodium chlorite were mixed at pH 3.5 
or less, about 2.5 moles of oxidant per mole was rapidly consumed (plots for 
pH 2); the mixture slowly developed an orange color, an orange precipitate 
appeared but then quickly redissolved to leave a clear yellow solution. The 
production of chlorine dioxide became apparent only at this stage, which 
corresponded to the consumption of more than two molar equivalents of 
chlorite. Between pH 3 and pH 6, the solutions of pyrogallol and of sodium 
chlorite turned orange to orange-red when mixed, and dark-brown, amorphous 
solids separated within a few minutes. The rate at which the chlorite was 
consumed, however, decreased rapidly as the pH increased (plots at pH 4.5 
and 5). Other experiments, not reproduced in Fig. 1, showed that a decrease 
in temperature to 5° C. or less had the same general effect on the shape of the 
rate-plots as an increase in pH; at pH 3 and 5° C. amorphous solids were still 
present after 200 hr., and at pH 6 and 5°C. 10 hr. were required for the re- 
duction of 0.1 mole of chlorite per mole of pyrogallol. 

The literature concerned with condensations of pyrogallol caused by other 
oxidants was reviewed by Erdtman (4) who concluded that vicinal, asym- 
metrical and symmetrical dipyrogallol (the 2,3,4,2’,3’,4’, the 2,3,4,3’,4’,5’, and 
the 3,4,5,3’,4’,5’-hexahydroxy derivatives of biphenyl) were among the 
first products formed by oxidation in alkaline, neutral, and acidic media, 
respectively. Henrich (10), who also suggested a mechanism for such conden- 
sations, apparently confused the vicinal with the symmetrical dipyrogallol. 
Purpurogallin (8), a well defined, crystalline product in certain oxidations, was 
probably derived from the asymmetrical derivative. The further oxidation and 
condensation of pyrogallol gave rise to amorphous, ill-defined ‘‘humic acids” 
not dissimilar in character to the colored solids that separated during the 
present experiments. All attempts to isolate a single chemical individual from 
these solids failed. Purpurogallin in particular was probably not present, 
because a pure, crystalline sample was very readily oxidized to soluble sub- 
stances by sodium chlorite at pH 2 and 10° C. (Fig. 1). Even at pH 4.6, almost 
seven molar equivalents of the oxidant were consumed within 32 hr. (not 
shown). 

The next experiments employed buffered solutions kept at 20°C. and 
containing 5 mM. of p-hydroxybenzaldehyde and about 20 mM. of chlorine 
dioxide per liter. Plots of the rate of reaction have not been reproduced, 
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Fic. 1. Rate of oxidation of 0.015 M aqueous solutions of purpurogallin and pyrogallol 
with 0.097 Af to 0.101 M sodium chlorite. Temperature 22.4° C. unless specially noted. 


because quinones were formed that interfered with the iodometric method 
used to determine the remaining chlorine dioxide. The plots suggested that 
between 1 and 1.3 moles of oxidant per mole was reduced almost instan- 
taneously at pH 5.4 or pH 6, but that the reduction decreased in rate and 
increased in extent as the pH was lowered, until two hours at pH 1.1 were 
required for the consumption of about 2.5 moles. No secondary consumption 
of oxidant was evident at any pH. As expected, one of the products of these 
oxidations was p-benzoquinone, but extraction of the liquors with ether 
yielded nothing but red tars when sodium acetate — acetic acid buffers had 
been employed. The substitution of citric acid and sulphuric acid buffers 
obviated this difficulty. 

Although the quinone in the ether extract could be determined fairly 
accurately by iodometry (33) when the oxidation had been carried out near 
pH 5 or pH 6, oxidations in more acidic media contained interfering sub- 
stances, and the method was discarded. Estimations based upon the reduction 
of the quinone to the hydroquinone by zinc and acid, and on the isolation of 
the crystalline dibenzoate of the hydroquinone, also failed to give quantitative 
results. Kimijima and Kishino (17), who encountered similar analytical 

TABLE 1 
YIELD OF p-BENZOQUINONE FROM p-HYDROXYBENZALDEHYDE 














With chlorine dioxide* With sodium chlorite* 
pHt % after % after % after % after 
30 min. 60 min. 30 min. 60 min. 
6.0 ca 21.1 No reaction 
5.0 20.6 24.7 22.0 
4.0 25.7 26.6 22:7 24.0 
3.0 24.8 25.2 25.7 25.9 
2.2 22.5 24.8 7.6 29.6 
1 Ot 21.3 21.1 at. 38.8 





*The aldehyde, 0.01 mole, dissolved in the buffer, was mixed with aqueous solutions containing 
0.031 mole of chlorine dioxide or 0.04 mole of sodium chlorite. 

tCitric acid — sodium hydroxide buffers. 

{Sulphuric acid buffer. 
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difficulties, finally added an excess of aqueous hydroquinone to the residue 
obtained by evaporating the ether extract, and weighed the crystalline quin- 
hydrone that separated. This simple method gave good checks in the present 
work. Comparison of the data in columns 2 and 3 of Table I shows that the 
production of benzoquinone was practically complete in 30 min., and that the 
yield was almost independent of the pH of the oxidation. The slight decrease 
in yield observed at pH 2.2 and pH 1 was probably connected with the increase 
in other oxidations evidenced by the increase in the consumption of chlorine 
dioxide and in the depth of color of the reaction mixture. 

In contrast to the almost instantaneous oxidation of p-hydroxybenzaldehyde 
by chlorine dioxide at pH 6 and 20° C., duplicate experiments with an excess 
of aqueous sodium chlorite showed that no appreciable reaction occurred. 
From pH 5 to pH 3, the two oxidants gave similar yields of benzoquinone 
(Table I, columns 4 and 5), but at pH 1 the yield with sodium chlorite was 
almost twice as great. No chlorine dioxide was evolved during the early part 
of the oxidation with sodium chlorite, and no red oil was isolated as a by- 
product. Red oils were obtained in addition to the quinone when chlorine 
dioxide was the oxidant, and were probably of a quinoidal nature since their 
color was completely discharged by reduction with sadium hydrosulphite, or 
with zinc and acid. The oils, which darkened quickly and became tars, were 
probably nuclear condensation products of a quinone, or of a hydroxylated 
quinone. Analogous products were described by Erdtman (4, 6). 

The last two oxidations were examples of a general reaction discovered by 
Dakin (2) for free o- or p-phenols whose side chains contained an unsaturated 
carbon atom in the alpha position. In the case of p-hydroxybenzaldehyde, 
oxidation with an alkaline solution of hydrogen peroxide produced a nearly 
quantitative yield of hydroquinone, together with formic acid from the 
aldehydic group. Wacek and his collaborators (30, 31) discussed the probable 
mechanism of such oxidations, and isolated the monoformy] ester of hydro- 
quinone as an intermediate when the oxidation was carried out with peracetic 
acid in acetic anhydride. The same type of oxidation could be effected by a 
few other peroxides (2), and also by ozonides decomposing in alkali (30) but 
not by the other common oxidants tried. In order to avoid the possibility of a 
Dakin reaction, methoxy-p-hydroquinone was chosen for study. 

The oxidation of methoxyhydroquinone with twice the molar amount of 
aqueous chlorine dioxide at room temperature proved to be less complicated, 
for within 20 min. a heavy, yellow precipitate of methoxyquinone separated 
from solution. By extraction of the mother liquor with ether, the yield was 
increased to about 92% of theory from oxidations carried out at pH 1, pH 2.2, 
and pH 7.5, and iodometric titrations of the aqueous residues suggested that 
they retained another 7% of quinone-like substances. When the assumption 
was made that the yield of methoxyquinone was actually quantitative, it 
became possible to investigate the inorganic reactions involved in the re- 
duction of the chlorine dioxide. To do this, 20 mM. samples of methoxyhydro- 
quinone were oxidized in buffered solutions with 34 mM. to 38 mM. of chlorine 
dioxide, and after reaction was complete the excess of the gas was expelled 
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from solution by a stream of nitrogen into bubblers containing aqueous 
potassium hydroxide. All of the methoxyquinone formed was removed from 
the original liquor, whose content of ‘‘total chlorine’ was determined by re- 
ducing an aliquot with ferrous sulphate and precipitating chloride as the 


~ 


silver salt. In all cases save run 7 (Table II, column 4) the “total chlorine” 


TABLE Il 
REDUCTION OF CHLORINE DIOXIDE BY METHOXYHYDROQUINONE* 

















Found in reaction mixture Found in bubblers 
Run Clo; pH Total Chloride Total Chlorite Halogen 
added, chlorine, —————————-_ chlorine, —-—~———————— recovery, 
mM. mM. mM. q mM. mM. %t % 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
1 — 2.2 19.7 16.91! 86 — — — = 
2 — 2.2 19.4 12.711 65 — ae = i 
3 38 2.2 20.5 18.9} i 92 14.0 7.0 50 91 
4 36 1.0 19.4 9.3# 48 13.7 6.9 50 92 
5 — 2.2 19.9 11.17 56 _— — = — 
6 34 2.2 20.8 13.1# 63 11.2 5.5 50 94 
7 37 5.8 23.0 10.6# 46 10.7 5.3 50 91 
8 — 1.0 20.1 12.5** 63 — — _ — 
12.7tt 
9 37 2.2 20.5 13.3°* 65 13.0 6.4 49 91 
13. 4tt 
10 — 2.2 20.3 pe _ — = = 
ll —_ 2.2 19.7 12.5** 64 — — —_ — 
12. 6tt 
*Every experiment used 20 mM. ||Determined with silver nitrate plus nitric acid. 
tColumn 6 as per cent of column 4. #Determined with silver acetate plus water. 
tColumn 8 as per cent of column 7. ** Determined with silver acetate plus acetic acid. 
§Total chlorine’ (columns 4.and 7) as per  ttDetermined by Mohr’s titration with standard 
cent of chlorine dioxide added (column 2). silver nitrate. 


corresponding to 20mM. of the hydroquinone amounted to 20.1 + 0.7 mM., 
or 1 mole of chlorine dioxide had supplied only two oxidizing equivalents, 
instead of the five equivalents found in an iodometric determination. The value 
of 23 mM. of “total chlorine” found in run 7 probably included chloride 
originating as chlorite, since the spontaneous decomposition of chlorine dioxide 
to chloride and chlorite was appreciable at pH 5.8 (11). 

With the possible exception of run 7, no significant amount of chlorite was 
found in the oxidation liquors, and the ‘‘total chlorine’’ therefore originated 
exclusively in chloride and chlorate. A direct determination of chloride ion by 
precipitation as silver chloride in presence of nitric acid gave results (columns 5 
and 6, runs 1, 2, 3) whose irreproducibility was traced to the action of the acid 
on the chlorate. The chloride ion was then precipitated with aqueous silver 
acetate, and any silver carbonate was removed from the precipitate by a 
subsequent extraction with dilute nitric acid. This method also was unsatis- 
factory (runs 4 to 7). The estimation of chloride in presence of chlorate was 
reproducible when silver acetate in 10% acetic acid was the precipitating 
agent, and these values agreed with those obtained by titrating the chloride 
ion in neutral solution with standard silver nitrate according to Mohr (18). 
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Experiments 8 to 11, which were considered reliable, showed that 63% to 65% 
or substantially two-thirds, of the ‘‘total chlorine’ was present as chloride. 
Since chlorite was absent, the remaining one-third could be attributed to 
chlorate, and the equation for the oxidation of methoxyhydroquinone by 
chlorine dioxide could be written: 

3 CsH3(OCH:;) (OH)2+3 ClO.—-3 CsH3(OCH3)02+2 HCI+HCIO;(+30+3H). 
Although this equation strongly suggested that hydrogen peroxide was 
formed, no reliable method could be found for detecting and estimating this 
substance in the reaction mixture. Hydrogen peroxide, however, is known to 
be a frequent by-product of the oxidation of hydroquinones to quinones, 
especially in alkaline solutions (13, 14). 

The unsatisfactory oxygen and hydrogen balance in this equation made it 
desirable to complete the over-all chlorine balance by determining the excess 
halogen absorbed by the sodium hydroxide in the bubblers. Hypochlorite was 
absent, and therefore no free chlorine or chlorine monoxide gas had been 
transferred with the excess chlorine dioxide. Estimations for chloride gave 
a positive result of 2 mM. to 3 mM. in each case, but control experiments with 
pure sodium chlorite and sodium chlorate solutions of the relevant concen- 
tration, either alone or mixed, showed that the chlorite yielded 3 mM. of 
apparent chloride. The small chloride content of the bubblers was accordingly 
considered to be spurious. If this conclusion was correct, the traces of chloride 
found by Taylor and his collaborators (28) among the decomposition products 
of sodium chlorite in acid solution could perhaps be explained in the same way. 
Columns 7, 8, and 9 of Table II show that 50% of the chlorine was present 
as chlorite, and the remaining 50% was therefore chlorate. Since the above 
workers (28) demonstrated that no appreciable interaction occurred among 
the salts of the chlorine oxy-acids in alkaline solution, the fact that the chlorite 
and chlorate were in equimolecular amount was proof that the only form in 
which the halogen had entered the bubblers was as chlorine dioxide. 

The total amount of halogen in the bubblers (column 7), plus that recovered 
in the reaction (column 4), amounted to 91% to 94% (column-10) of the 
chlorine dioxide originally used (column 2). Since the recovery of methoxy- 
quinone was also about 92%, it seemed likely that up to 8% of chlorinated 
quinones had been formed during the oxidation. Such by-products would have 
remained in the reaction vessel, and their content of halogen might have 
escaped estimation as ‘‘total chlorine’”’ (column 4). 

A 91% yield of methoxyquinone was also obtained by oxidizing the hydro- 
quinone at pH 0.9 with a fourfold molar amount of aqueous sodium chlorite, 
the initial red color of the liquor swiftly changing through green to yellow. 
The speed of this oxidation suggested that chlorous acid was the active agent, 
because the spontaneous decomposition of chlorous acid to chlorine dioxide 
in a control experiment was relatively slow. When this oxidation was repeated 
at pH 2.2, the initial red solution rapidly became opaque and after a few 
minutes deposited a 30.4% yield of the crystalline, purple 4,4’-dimethoxy 
diquinhydrone (Structure la or Ib) previously investigated by Erdtman (5). 
If the oxidation was allowed to proceed for about 10 min., the purple precipi- 
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tate of the diquinhydrone suddenly changed into a heavy, brown-yellow curd, 
and simultaneously the production of chlorine dioxide became apparent. A 
recrystallization of this precipitate gave a 30% yield of brilliant yellow needles 
which proved to be Erdtman’s 4,4’-dimethoxydiquinone (II), and which when 
heated to about 210°C. underwent an intramolecular condensation to the 
red, crystalline isomer (111). Erdtman obtained the coupled products (1), (11), 
and (111) by oxidizing methoxyhydroquinone with ferric chloride or chromic 
acid, and suggested appropriate reaction mechanisms (3, 5). 

In addition to the 30% yield of the diquinone (11) from the oxidation at 
pH 2.2, some monomeric methoxyquinone was extracted from the mother 
liquors. There were therefore two competing oxidations. At pH 4.0, the yield 
of the diquinone was 56% of theory; at pH 5.2, about 25%, and no methoxy- 
quinone could be recovered. Near pH 6, the oxidations yielded precipitates of 
the purple diquinhydrone (la or Ib) but the transformation to the yellow di- 
quinone (II) did not occur, presumably because the oxidation potential of 
aqueous sodium chlorite at pH 6 was insufficient. 
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The experimental portion of this article does not record oxidations of 
salicylaldehyde, protocatechualdehyde, protocatechuic acid, and syringalde- 
hyde with chlorine dioxide because no definite products were isolated. In each 
case the oxidation instantly produced a solution whose deep red color could 
be partially or completely discharged by zinc dust and acid, and which pre- 
sumably contained unstable quinones. Syringaldehyde immediately reduced 
1.1 to 1.5 molar equivalents of chlorine dioxide at 20° C.; at pH 2 or less the 
slow secondary reduction was minor, but at pH 4.5 a total of about 3 molar 
equivalents was consumed within two hours. When 1.5 moles per mole was 
used at pH 1 and near 5° C., the liquor, initially red, soon turned yellow, and 
then yielded a yellow oil when extracted with ether. This oil, like the aqueous 
residue, became deep red when kept. 

In sharp contrast to the behavior of the free phenols hitherto discussed, 
the reduction of chlorine dioxide by a phenolic ether, veratric aldehyde, was 
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Fic. 2. Rate of oxidation of 0.001 M or 0.002 M solutions of veratraldehyde in 20% 
aqueous ethanol at 20° C. with approximately fourfold molar concentrations of oxidant. Solid 
lines, sodium chlorite; dotted lines, chlorine dioxide oxidations. 


negligible at 20° C. and pH 6 to pH 3, was very slow at pH 2.5 (Fig. 2, broken 
lines), and even at pH 0.95 was not rapid. The liquors from oxidations carried 
out at pH 1, when extracted with ether, yielded yellow oils that were separated 
imto acidic, aldehydic, and neutral fractions. The last two fractions were 
vellow-red oils whose color could be readily reduced by zinc and acid. They 
were not examined further. The acid fraction never exceeded 15% in yield, 
and contained veratric acid together with a chloro acid with the melting point, 
185° to 187° C., of 5,6-dichloroveratric acid (24). Unfortunately, the amount 
of this acid was too minute to be definitely identified. 

Fig. 2 (solid lines) also shows that the initial action of aqueous sodium 
chlorite on veratraldehyde at pH 0.95 was very rapid but, as in all other cases, 
became negligible on the alkaline side of pH 5. Yields of 91% and 92% of pure, 
crystalline veratric acid were isolated from experiments carried out at pH 1 
and pH 4, respectively, and even more of the acid was produced, because some 
remained dissolved in the buffer. This method of preparing veratric acid was 
probably as convenient as any reported in the literature. Furthermore, since 
the yield at pH 4 could be assumed to be nearly quantitative, and since chlorine 
dioxide at this pH and 20°C. had no appreciable action on veratraldehyde 
for many hours, the reaction afforded a sound basis for studying the inorganic 
chemistry involved in the reduction of sodium chlorite without interference 
from the by-product chlorine dioxide. 

Veratraldehyde, 10.mM., was oxidized with 29.4 mM. to 60.3 mM. of 
aqueous sodium chlorite in the apparatus previously used for the quantitative 
study of the reduction of chlorine dioxide by methoxyhydroquinone. The 
passage of nitrogen through the reaction liquor in experiments 1 and 2 
(Table III) was slow, and eight or nine hours were required to transfer all of 
the chlorine dioxide into the traps containing aqueous potassium hydroxide. 
Subtraction of the ‘‘total chlorine’”’ remaining in the reaction liquor (column 4) 
from the millimoles of sodium chlorite used (column 2) gave the amount of 
halogen expected in the traps. This amount was almost exactly recovered as 
“total chlorine” from the traps, and almost exactly 50% was present as 
chlorite, the remainder being assumed to be chlorate. The over-all chlorine 
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TABLE III 
REDUCTION OF SODIUM CHLORITE BY VERATRALDEHYDE* 











Chlorite Total Chloritet Chlorine 
Run added, Hours chlorine, Chloride, Chlorite, Chlorate,t consumed, dioxide,§ 
mM. mM. mM. mM. mM. mM. mM. 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
Chlorine dioxide slowly removed 
1 40.2 8 21.5 12.0 7.8 1.8 32.4 18.7]\| 
2 40.2 9 21.6 12.0 7.8 1.8 32.4 18. 6# 
Chlorine dioxide rapidly removed 
3 29.4 1.25 12.9 8.8 4.2 0.0 25.2 16.5 
4 40.2 i 21.5 10.1 11.5 0.1 28.8 18.7 
5 40.2 2 21.6 9.9 11.0 0.7 29.2 18.6 
6 60.3 9 41.5 10.0 31.3 0.2 29.0 18.8 





*Veratraldehyde, 10 mM., in 30 cc. of a sodium acetate — acetic acid buffer at pH 4.0, mixed near 
20° C. with 50 cc. of aqueous sodium chlorite. 

tColumn 4 minus columns 5 and 6. 

tColumn 2 minus column 6. 

$Column 2 minus column 4. 

\|Chlorite, 9.2 mM. and “total chlorine’, 18.3 mM, recovered in bubbler. 

#Chiorite, 9.0 mM., and “total chlorine’, 18.4 mM., recovered in bubbler. 


balance was therefore satisfactory, and no volatile chlorine compound except 
chlorine dioxide had reacted with the alkali. 

Of the ‘‘total chlorine”’ (column 4) found in experiments 1 and 2, 1.8 mM. 
was not accounted for as chloride and chlorite and was attributed to chlorate 
(column 7). On this assumption, a small amount of chlorine dioxide had de- 
composed during its long sojourn in the reaction mixture, and in consequence 
the amounts reported for chlorite consumed (column 8), chlorine dioxide 
(column 9), and for chloride (column 5), were not accurate. The observed 
molar ratios of 3.24: 1.87: 1.20 (with 1.0 for veratraldehyde) were nevertheless 
similar to those determined by Jeanes and Isbell (15) when they oxidized 
glucose with aqueous sodium chlorite in a sealed tube; that is, in contact with 
the by-product chlorine dioxide. 

In order to confirm this interpretation of the data, in experiments 3 to 6 
the chlorine dioxide was removed by a brisk current of nitrogen gas as soon as 
it was formed. Almost no chlorate was found in the reaction mixture and the 
content of chlorite plus chloride accounted satisfactorily for the ‘total 
chlorine’ (columns 4 to 7). The mole ratios of chlorite: chlorine dioxide: 
chloride: veratraldehyde in experiments 4, 5, and 6 were 2.9 + 0.02: 1.87 
+ 0.01: 1.0 + 0.01: 1.0, or were close to those required by the equation 

RCHO+3 HCIO, — RCOOH +2 ClO.4+HCI+H,0. 
Experiment 3, in which slightly less than 3 moles of sodium chlorite per mole 
of veratraldehyde was used, gave chlorite consumed: chlorine dioxide: chloride 
in the similar mole ratio of 2.86: 1.88: 1.0. The above equation was suggested 
by Jeanes and Isbell (15), and its validity for the oxidation of glucose was 
supported by the kinetic studies of Launer and Tominatsu (19, 20). Since 
3 moles of sodium chlorite, corresponding to 12 oxidizing equivalents when 
determined iodometrically, were replaced by 2 moles of chlorine dioxide with 
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10 equivalents, the net response was only 2 equivalents, or one-sixth of the 
expected amount. The values in Fig. 2 giving the moles of sodium chlorite 
reduced at any time had therefore to be increased sixfold. Extrapolation to 
zero time of the later, nearly linear portion of the plot for the oxidation at 
pH 3.9 (solid line) pointed to an apparent consumption of about 0.5 mole of 
sodium chlorite per mole of veratraldehyde, in agreement with the very rapid 
initial oxidation at pH 0.95. The true consumption was therefore close to the 
proper value of 3 moles, and the later portions of the plots probably represented 
an iodometric response to the gradual decomposition of acidified sodium 
chlorite to chlorine dioxide and chlorate (28). This correction was not applied 
to the apparent consumption of chlorite by phenolic substances (e.g. Fig. 1) 
because in these cases the by-product chlorine dioxide was reduced to an 
unknown extent. 

As expected, the rate plot for the oxidation of acetyl vanillin by aqueous 
sodium chlorite at 20° C. and pH 4.2 was similar to that of veratraldehyde at 
pH 3.9 (Fig. 2), although somewhat more of the oxidant was consumed and 
the yield of acetyl vanillic acid was only 78%. Small amounts of an unidentified, 
chlorinated product were also recovered. The above results were duplicated 
in an oxidation at pH 1. Acetyl vanillin failed to reduce aqueous chlorine 
dioxide at all at pH 2.3, pH 3.75, and pH 4.5, but at pH 1.1 an apparent 
consumption of 1.4 mole per mole occurred within one minute and did not 
increase thereafter. A 4% yield of 6-chlorovanillic acid was isolated; also a 
yellow oil with quinoidal properties, and 17% of an unresolved mixture that 
probably consisted of vanillic and chlorovanillic acid. Small amounts of 
vanillin and acetyl vanillic acid were recovered in some experiments. It 
appeared that at pH 1.1 most of the acetyl vanillin had first been hydrolyzed 
to vanillin, which had then been oxidized as described in the previous 
article (11). A portion, however, had probably been chlorinated and oxidized 
prior to deacetylation, because vanillin itself tends to become substituted in 
the 5-, rather than in the 6-position (25). 

It was interesting to note that chlorine dioxide regained the capacity to 
oxidize acetyl vanillin at pH 5.65, the apparent consumption of 0.5 mole 
of oxidant being complete within one hour. At pH 6.0 about 1 mole per mole 
was reduced within 25 min. Yields of 35% and 25%, respectively, of acetyl 
vanillic acid were isolated, and the other product was unchanged acetyl 
vanillin. The oxidation of the aldehyde group therefore competed with the 
decomposition of the chlorine dioxide to chlorite and chlorate, which was 
rather rapid near pH 6 (15). The by-product chlorite, however, could hardly 
be responsible for the oxidation, because chlorite at pH 6 and 20°C. was 
incapable of oxidizing vanillin (15). 


EXPERIMENTAL 


Materials and Methods 

Commercial p-hydroxybenzaldehyde, vanillin, and resublimed pvyrogallol, 
also synthetic syringaldehyde kindly given by Dr. P. A. Pearl, of the Institute 
of Paper Chemistry, Appleton, Wis., were recrystallized to constant melting 
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point. Purpurogallin was prepared by oxidizing pyrogallol with a neutral 
solution of sodium iodate (7, 8), and the bright orange crystals were definitely 
identitied by their decomposition point of 272° C., and by the correct melting 
points of their tetraacetate (9,22) and trimethyl ether (8, 22), 187° C. and 
177° C., respectively. Pure veratraldehyde was prepared by methylating 
vanillin (1), and the oxidation of vanillin with alkaline hydrogen peroxide as 
described by Dakin (2) yielded 70% of recrystallized methoxy-p-hydro- 
quinone (3). This substance melted at 88° to 89°C., and not at 84°C., as 
found by Will (32). The acetylation of vanillin (23) yielded acetyl vanillin 
with the correct melting point of 77° C. 

The sodium chlorite of Analytical Grade was the gift of the Mathieson 
Alkali Company of New York, and aqueous solutions of chlorine dioxide were 
prepared and standardized as described previously (11). All oxidations were 
carried out in the dark or in amber colored bottles in order to minimize the 
photochemical decomposition of chlorine dioxide. The previous iodometric 
methods were used to follow most of the oxidations. 


Reduction of Sodium Chlorite by Pyrogallol (Fig. 1) 

In a typical experiment, sodium chlorite, 4.61 gm. (0.05 mole, corrected 
for a purity of 98.1%) and pyrogallol, 0.945 gm. (0.0075 mole) were separately 
dissolved in 250 cc. volumes of 0.4 M phosphate buffer of the desired pH and 
were brought to 22.3° + 0.1° C., or 15.8° + 0.2° C. in a constant temperature 
bath. The solutions were then mixed, and kept at the desired temperature; 
small aliquots were removed at intervals and checked for constancy in pH. 

In order to follow the reduction of the sodium chlorite, 25 cc. aliquots, 
which could not be more than 0.05 M in chlorite or pyrogallol, were discharged 
into 10 cc. of 4% aqueous sodium bisulphite. Concentrated hydrochloric acid, 
1 cc., was added, and the mixture was boiled for 15 min. to expel all sulphur 
dioxide that had not been oxidized to sulphate (12). A few drops of concen- 
trated nitric acid were then added to destroy the amorphous organic material 
that usually separated at some stage of the oxidation of pyrogallol, and after 
being boiled for some time longer, the mixture was diluted to 200 cc. with 
distilled water. The sulphate was estimated according to the standard pro- 
cedure as the barium salt. After correction for the blank (about 0.1 gm.), 
1 mole of sodium chlorite was assumed to be equal to 2 moles of barium 
sulphate. The experiments with purpurogallin were conducted in the same way. 


Oxidation of p-ITydroxybenzaldehyde to Benzoquinone (Table I) 

Samples of the aldehyde, 1.22 gm. or 0.01 mole, were dissolved in 50 cc. 
volumes of water adequately buffered with citric acid — sodium hydroxide to 
pH 6.0, 5.0, 3.0, and 2.2; sulphuric acid was used as the buffer for pH 1. After 
being mixed with 65 cc. of 0.48 MW aqueous chlorine dioxide (0.031 mole), the 
mixtures were cooled to keep their temperature below 30° C. One hour or 
one-half hour later, the mixtures were flushed with nitrogen to expel chlorine 
dioxide, were saturated with sodium chloride, and were extracted with 250 cc. 
volumes of ether. Each extract was cautiously evaporated and the residue 
was dissolved in 25 cc. of distilled water; an equal volume of water containing 
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1.2 gm. of hydroquinone was added, and some time later the precipitate of 
the green, crystalline quinhydrone was recovered, dried, and weighed (17). 

The experiments were repeated with the substitution of 50 cc. of water 
containing 0.04 mole of sodium chlorite for the aqueous chlorine dioxide. 
When desired, the above ether extract was dried, evaporated, and extracted 
with petroleum ether to recover the yellow needles of quinone. These crystals 
were readily reduced with sodium hydrosulphite and were identified as hydro- 
quinone with the correct melting point of 171° C. (16). 

Oxidation of Methoxyhydroquinone with Chlorine Dioxide (Table IT) 

(a) A solution of 2.8 gm. of methoxyhydroquinone (0.02 mole) in 28 cc. 
of 10% acetic acid (pH 2.2) was mixed with 80 cc. of 0.464 M aqueous chlorine 
dioxide (0.037 mole) at room temperature. After about 20 min. the green- 
vellow flocculent precipitate was recovered and dried; yield, 1.8 gm., m.p. 143° 
to 144°C. More of the product, 0.7 gm., was obtained by extracting the 
filtrate with ether, and the total vield was 92% of theory. After recrystal- 
lization from petroleum ether, the bright yellow substance had the melting 
point, 144° to 145° C., reported by Erdtman (3) for methoxyquinone. 

“The aqueous residues, now free of chlorine dioxide, required 27.8 cc. of 
0.1 N sodium thiosulphate in an iodometric titration, an amount which sug- 
gested the presence of 1.39 millimoles (7%) of quinone-like substances. 

(b) The. all-glass apparatus used for studying the inorganic chemistry of 
the oxidation consisted of a 500 cc. round-bottom flask with an inlet for nitro- 
gen reaching nearly to the bottom and an exit for chlorine dioxide. This exit 
conveyed the gas through two absorption vessels containing 20% aqueous 
potassium hydroxide. The best results were obtained when the inlet to the 
test tube which served as the second vessel was drawn out to a fine capillary. 

The apparatus was immediately assembled after the mixture of 0.02 mole 
of methoxyhydroquinone and sodium chlorite described in (a) had been 
prepared in the 500 cc. flask. After 20 min., when the oxidation was known to 
be complete, the flask was covered with a dark cloth and nitrogen was passed 
through the apparatus at a rate slow enough for the chlorine dioxide to be 
completely absorbed in the alkali. This operation took up to eight hours. The 
two alkaline solutions were then combined and made up to 500 cc. with water. 
Methoxyquinone was removed from the reaction liquor, and the filtrate was 
also made up to 500 cc. 

The method described by Treadwell (29) was used to determine total 
chlorine. A 100 cc. aliquot was boiled for 15 min. with 50 cc. of 10% aqueous 
ferrous sulphate in order to reduce any chlorite and chlorate to chloride. It was 
necessary to neutralize the alkaline aliquots before carrying out this reduction. 
After the mixture had been cooled, the brown precipitate was redissolved by 
adding nitric acid, and the chloride was determined gravimetrically as silver 
chloride. As previously noted, the chloride present as such in the reaction 
vessel could be determined most satisfactorily by the Mohr (18) method, a 
100 cc. aliquot being carefully neutralized with sodium carbonate and then 
titrated with standard 0.1 XN silver nitrate, with potassium chromate as the 
indicator. 
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To estimate chlorite, a 10 cc. aliquot of the alkaline solution was treated 
with excess potassium iodide and sulphuric acid, and the liberated iodine was 
titrated with 0.04 N sodium thiosulphate. One mole of chlorite was equivalent 
to four atoms of iodine. The chlorate was found by subtracting the chlorite 
content from the total chlorine present. Since the chlorine dioxide reacted 
with the potassium hydroxide to form 1 mole of chlorite and 1 mole of chlorate, 

2 ClO.+2 KOH — KCIO,.+KCIO;+H,0, 


the chlorine dioxide absorbed was twice the amount of chlorite formed (28). 


Oxidation of Methoxyhydroquinone with Sodium Chiorite 

(a) A solution of the hydroquinone (0.01 mole) in 10 cc. of 10% acetic acid 
(pH 2.2) was mixed with another containing 0.04 mole of sodium chlorite. 
A few minutes later, the purple precipitate (0.41 gm. or 30.4%) could be re- 
covered on a filter and recrystallized from pyridine. The powder decomposed 
at 220° C. If the filtration was delayed for about 11 min., the product was a 
yellow powder isolated in 30% yield and insoluble in ether, alcohol, and other 
organic liquids tried with the exception of boiling acetic anhydride. Recrvystal- 
lization from this solvent gave brilliant golden needles which turned red on 
heating to about 210° C. and melted at 250° C. The melting point and other 
properties agreed with those recorded by Erdtman (5) for 4,4’-dimethoxydi- 
quinone. 

(6) The experiment was repeated with the same quantities, but the 10% 
acetic acid was replaced by dilute sulphuric acid to adjust the pH to 0.9. In 
this case the mixture quickly turned red, and then a green precipitate settled 
which rapidly became yellow. The product (1.01 gm.) was recovered, and also 
a further 0.24 gm. by extracting the mother liquor with ether. This substance, 
isolated in a total vield of 91%, had the melting point, 146° C., of methoxy- 
quinone, and a mixed melting point with an authentic sample was not de- 
pressed. 

Oxidation of Veratraldehyde with Chlorine Dioxide (Fig. 2) 

(a) Experiments on the rate of oxidation were carried out as described for 
those with p-hydroxybenzaldehyde, but the buffer solutions were made up in 
20% aqueous ethanol because veratraldehyde was insoluble in water. 

(6) Veratraldehyde, 4.98 gm. (0.03 mole), dissolved in 400 cc. of 20% 
alcohol buffered to pH 1.0 with sulphuric acid, was mixed with 0.06 mole of 
0.38 .\f chlorine dioxide. No immediate change occurred and no obvious 
amount of heat was generated, but on standing an amber and finally a red 
color appeared. The solution was extracted with ether after 10 hr. and the 
extract in turn extracted, first with saturated sodium bisulphite solution to 
remove aldehydes, and then with saturated sodium bicarbonate to remove 
acids. 

After recovery from the bicarbonate liquor, the crude acidic fraction, 
0.90 gm., was extracted with petroleum ether to remove 0.40 gm. of a mixture 
of chlorinated acids that could not be thoroughly resolved. One small fraction 
of colorless needles melted sharply at 185° to 186° C. and might have been 
5,6-dichloroveratric acid (24). The remaining 0.5 gm. when repeatedly re- 








ii. 62. ie 


AS 


“=~ “~DFA 








LOGAN ET AL.: POLYOXYPHENOL. VIII : 95 


~ 


crystallized from benzene gave crystals whose melting point of 180° to 181° C. 
was not depressed by admixture with an authentic sample of veratric acid. 


Oxidation of Veratraldehyde with Sodium Chlorite (Fig. 2, Table III) 


(a) The rate of oxidation was determined in 20% aqueous ethanol buffered 
to the desired pH, and the consumption of chlorite was followed by iodometry. 
In larger scale experiments, 25 cc. of an aqueous solution contained 10.9 gm. 
of sodium chlorite (0.12 mole) was mixed with 125 cc. of water plus 18 cc. of 
ethanol buffered to pH 1.0 with sulphuric acid and containing 5 gm. (0.03 mole) 
of veratraldehyde. A pale pink precipitate, 5.1 gm., settled out of the solution 
almost immediately. A single recrystallization from dilute acetic acid yielded 
4.9 gm. (91%) of colorless plates whose melting point of 180° to 181° C. was 
undepressed by admixture with pure veratric acid. 

(b) The apparatus, the technique, and the analytical methods were the 
same as those employed in studying the oxidation of methoxyhydroquinone 
with chlorine dioxide. Veratraldehyde, 1.662 gm. (0.01 mole), dissolved in 
30 cc. of an adequate sodium acetate — acetic acid buffer at pH 4.0, was mixed 
with 50 cc. of water containing 0.04 mole of sodium chlorite. The reaction 
vessel was aerated with nitrogen, either at a slow or fast rate, but never 
rapidly enough to bring about an incomplete absorption of by-product chlorine 
dioxide in the potassium hydroxide bubblers. Crystalline veratric acid sepa- 
rated almost immediately in 92% yield. This product was removed as soon as 
the absorption of chlorine dioxide was complete, the filtrate and the alkaline 
absorption liquors were separately diluted to volumes of 500 cc., and aliquots 
were analyzed. 


Oxidation of Acetylvanillin with Chlorine Dioxide 


A solution of acetylvanillin, 0.04 mole, buffered to pH 1.0 with 4% 
sulphuric acid, was mixed with 0.08 mole of aqueous chlorine dioxide. 
Eight hours later, when its color had turned orange-yellow, the solution was 
extracted with ether, the extract was shaken with barium carbonate to remove 
any entrained sulphuric acid, and was then dried over anhydrous sodium 
sulphate. The residue from the ether was extracted with petroleum ether, 
which removed a small quantity of a yellow oil, and then with boiling benzene. 
The latter extract on cooling deposited 0.31 gm. (4%) of colorless needles 
melting at 207° C. Found: OCHs, 15.3, 15.1%. Calc. for CsH7OsCl: OCHs, 
15.3%. A mixed melting point with 6-chlorovanillic acid prepared according 
to Raiford and Potter (26) was not depressed. 

When extracted with bisulphite, the benzene mother liquor yielded a small 
amount of vanillin, and, when re-extracted with sodium bicarbonate, the 
sodium salts of some acids. The free acids, amounting to 1.45 gm. after several 
recrystallizations from ether, melted from 185° C. to 187° C. with decompo- 
sition, and contained chlorine. Found: OCHs, 17.1, 17.3%. Calc. for CsH;O,C1: 
OCHs, 15.3%; for CsHgO4: OCHs, 18.5%. Vanillic acid melts at 208° to 210° C. 
(21) and the 6-chloro derivative at 207° C. In other runs small amounts of 
acetylvanillic acid were identified. 
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Oxidation of Acetylvaniillin with Sodium Chlorite 

Acetylvanillin, 4.0 gm. (0.021 mole), dissolved in 50 cc. of alcohol and 50 cc. 
of 4% sulphuric acid (pH 1), was oxidized with a solution of 7.3 gm. (0.08 mole) 
of cabins chlorite in 25 cc. of water. After 3.5 hr. the mixture was chilled to 
5° C. and was diluted with water. The crystals which deposited melted at 147° 
to 147.5° C. and a mixed melting point with authentic acetylvanillic acid was 
not depressed. Yield, 3.4 gm. or 78.5% of theory. An oxidation carried out in 
a sodium acetate — acetic acid buffer at pH 4.2 gave the same yield. 
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PREPARATION DE DERIVES DU PAPAVERINOL ET DES 
HYDROXYLAUDANOSINES! 


PaR JEAN-LouIs FERRON ET PHILIBERT L’ECUYER 


SOM MAIRE 


La préparation du papavérinol et des hydroxylaudanosines a été améliorée en 
apportant diverses modifications au mode opératoire déja suivi. Par la méthode de 
Williamson, les éthers -propylique, -hexylique, n-décylique, et benzylique du 
papavérinol ont été obtenus avec d’excellents rendements. Par l’action des 
chlorures d’acide appropriés sur les hydroxylaudanosines en présence de pyridine, 
l’acétyl-salicylate, le benzoate, le butyrate, l’isovalérate, et le caproate de l'a- 
hydroxylaudanosine et le butyrate et le benzoate de la 8-hydroxylaudanosine 
ont été synthétisés. 


INTRODUCTION 


Plusieurs travaux ont éte publiés concernant la préparation de dérivés ou 
d’homologues de la papavérine (1); un seul a été consacré a la synthése de 
bases quaternaires et d’esters du papavérinol (II, R = H) (8), aucun a celle 
de dérivés des hydroxylaudanosines (III, R = H). Le présent travail avait 
pour but la synthése d’éthers du papavérinol et d’esters de l’a- et de la 8- 
hydroxylaudanosine. 


CH;0 
CH;0 Jw. 





| 
CHOR’ H CHOR 


CH: 
OCHs OCH; OCH; 
OCH: CHs CH; 


(1) (II) (IIT) 


Nous avons préparé le papavérinol en oxydant la papavérine en solution 
acétique a l’aide de l’acétate mercurique selon la méthode de Gadamer (1), 
mais nous l’avons isolé et purifié par l’intermédiaire du perchlorate ce qui 
permet pratiquement de doubler le rendement. 

Les hydroxylaudanosines sont facilement synthétisées par la réduction 
catalytique du méthochlorure de papavérinol (2), obtenu par la transformation 
du méthiodure 4a Il’aide du chlorure d’argent. Nous avons préparé ce méthio- 
dure avec un rendement de 86% en faisant réagir le papavérinol et l’iodure de 
méthyle sous pression et en purifiant le produit par |’intermédiaire du per- 
chlorate. 

En appliquant la méthode de Williamson (4) pour la préparation des 
éthers nous avons réussi avec d’excellents rendements la synthése de quelques 
éthers du papavérinol en faisant bouillir 4 reflux une solution benzénique d’un 

\Manuscrit regu le 29 septembre 1954. 

Contribution du Département de Chimie de I’ Université Laval, Québec, Qué. 
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halogénure d’alkyle ou d’aryle en présence du sel de sodium du papavérinol. 
Nous avons ainsi obtenu les éthers m-propylique, -hexvlique, et n-décylique 
(11, R = C3H:z, CeHis, et CioH2:) identifiés sous forme de perchlorate, et l’éther 
benzylique (II, R = CH.C,.H;) caractérisé sous forme de picrate. Les rende- 
ments varient de 85 a 100%. 

D'autre part, par l’action de chlorures d’acide sur les hydroxylaudanosines 
en présence de pyridine comme agent de condensation nous avons synthétisé 
quelques esters. L’acétyl-salicylate de l’a- et les benzoates de I’a- et de la 
8-hydroxylaudanosine (III, R = CsH,(OCOCH;)CO et C.HsCO) ont été 
obtenus a l'état solide. Les autres esters, le butyrate de la 8- et l’isovalérate et 
le caproate de I|’a-hydroxylaudanosine (III, R = C;H7;CO, Mex,CHCH,CO, 
CH;(CH:),CO), qui se séparent a l'état liquide, ont été purifiés sous forme de 
picrates. Les rendements varient de 25 a 50%. 

PARTIE EXPERIMENTALE 
Papavérinol 

A de la papavérine (25.0 g., 0.073 mole) dissoute dans l’eau (125 ml.) et 
l’acide acétique (25 ml.) est ajoutée une solution d’acétate mercurique (50 g., 
0.156 mole) dans I’acide acétique dilué (150 ml. d’acide 1 : 5). Aprés étre laissé 
a la température ambiante pendant 24 h. le mélange est maintenu dans un bain 
d’eau 4 70°C. pendant deux heures, refroidi, débarrassé par filtration de 
l’acétate mercureux et additionné d’acide chlorhydrique dilué (250 ml. d’acide 
1:4). On porte la suspension sur bain-marie et on sature 4 chaud par un 
courant lent d'hydrogéne sulfuré. Le précipité de sulfure de mercure est filtré 
et lavé a l’acide acétique dilué (50 ml. d’acide 1 : 4) et le filtrat alcalisé a la 
soude et extrait au chloroforme. Le résidu de papavérinol brut obtenu aprés 
l’évaporation a sec de la solution chloroformique sur bain-marie est dissous 
dans I’alcool éthylique (150 ml.) et la solution acidulée (pH2) 4a l’acide per- 
chlorique &4 70%. La perchlorate de papavérinol précipite sous forme de sel 
jaune pur de p.f. 201-202°C. Rendement: 96.7% (82.5 g.). Calculé pour 
C2oH2O NCI: C, 52.7%; H, 4.9. Trouvé: C, 52.5%; H, 4.838%. 

Le papavérinol est libéré en alcalisant a la soude la suspension du perchlorate 
dans l'eau chaude. II est ensuite extrait au chloroforme et la solution chloro- 
formique est séchée et évaporée a sec. Le résidu fournit aprés une cristallisation 
dans I’alcool éthylique le papavérinol pur de p.f. 138°C. Rendement: 86% 
(22.5 g.). 

Méthiodure de papavérinol 

Du papavérinol (10.0 g., 0.028 mole) et de l’iodure de méthyle (30 ml., 
0.48 mole) sont chauffés pendant quatre heures dans une bouteille 4 pression 
dans un bain d’eau a 80°C. Le mélange est refroidi, l’excés d’iodure de méthyle 
est récupéré par distillation, et le résidu broyé dans I’acétone (environ 50 ml.). 
La suspension est filtrée et le méthiodure lavé avec une quantité additionnelle 
d’acétone (50 ml.). Rendement: 89.5% (12.6 g.). 


Hydroxylaudanosines 
Du méthiodure de papavérinol (78 g., 0.153 mole) dans I’alcool 4 50% 
(250 ml.) est transformé en méthochlorure par réaction sur bain-marie avec du 
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chlorure d’argent fraichement précipité (30 g., 0.2 mole). Le méthochlorure 
est cristallisé dans l’alcool éthylique, p.f. 205-206°C. Rendement: 97% 
(60.0 g.). Ce méthochlorure (0.168 mole) en solution dans I’alcool méthylique 
aqueux (400 ml., 5 : 3) est réduit catalytiquement a 55°C. sous pression (2-3 
atmosphéres) en présence de 3.0 g. d’un mélange hydroxyde de palladium — 
carbonate de calcium a 20% de Pd(OH)>:. Le catalyseur est filtré, le filtrat 
concentré sous pression réduite, dilué 4 environ 100 ml., et rendu alcalin par 
la soude 4 30%. Les hydroxylaudanosines précipitées sont filtrées, séchées, et 
cristallisées dans l’alcool absolu (200 ml.). L’a-hydroxylaudanosine pure de 
p.f. 138°C. est obtenue aprés une seule cristallisation. Rendement: 41.7% 
(23.0 g.). Les eaux-méres saturées par un courant de gaz chlorhydrique sec 
donnent le chlorhydrate de la 8-hydroxylaudanosine de p.f. 235°C. dont la 
base elle-méme de p.f. 109°C. est libérée. Rendement du chlorhydrate: 24.5% 
(15.0 g.). 
Ethers du papavérinol 

On fait réagir 4 reflux, pendant 10 h., du papavérinol (1.0 g., 0.003 mole) 
avec un morceau de sodium (environ un gramme) dans du benzéne anhydre 
(25 ml.). On retire l’excés de sodium, on ajoute le bromure d’alkyle ou d’aryle 
(1 ml.), et on chauffe de nouveau 4 reflux pendant cing heures additionnelles. 
On chasse ensuite sous vide partiel le benzéne et l’excés de bromure et on 
dissout dans 1’éther (10-15 ml.). L’extrait éthéré est filtré, évaporé 4 sec sur 
bain-marie, et le résidu dissous dans I|’alcool éthylique (10 ml.). On précipite 
ensuite, suivant le cas, soit sous forme de perchlorate en acidulant 4 pH 2 
avec de l’acide perchlorique 4 70% ou sous forme de picrate en ajoutant une 
solution saturée d’acide picrique dans I’alcool (10 ml.). On filtre, lave le pré- 
cipité avec quelques millilitres d’alcool, et on cristallise le perchlorate dans un 
mélange alcool—dioxane (4:1) et le picrate dans I’alcool. Les rendements 
varient de 85 a 100%. 

Les résultats de ces synthéses sont donnés dans le tableau I. 


TABLEAU I 
ETHERS DU PAPAVERINOL 








Analyses 





Carbone, % Hydrogéne, % 








Ethers Rend.,% P.-f., °C. Solvant Formule 
; brute Calculé Trouvé Calculé Trouvé 

n-Propyle* 90 145-150 Alcool—dioxane CosHzsOo9NCl 55.5 55.3 5.7 6.1 
(déc.) 4:1 

n-Hexyle* 85 137 Alcool—dioxane CxHw»OsNCl 57.8 57.3 6.3 6.5 
4:1 

n-Décyle* 95 180 Alcool-dioxane CwHeOsNCl 60.4 60.0 v7.5 7.0 
4:1 

Benzylef 100 126-127 Alcool CsHwO:Ni 58.7 58.9 4.5 4.9 





*Les données sont celles du perchlorate. 
{Les données sont celles du picrate. 
Les rendements ont été calculés d’aprés la quantité de sel brut précipité. 
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Esters des hydroxylaudanosines 


De l’hydroxylaudanosine (0.5 g.), de la pyridine (0.5 ml.), et du chlorure 
d’acide (0.5 ml.) sont chauffés sur bain-marie pendant quelques minutes et 
laissés 4 la température ambiante pendant 12 h. La gomme formée est triturée 
dans l’eau (5 ml.) et agitée avec |’éther (trois fois avec 10 ml.) jusqu’a l’obtention 
d’une solution limpide. Les extraits éthérés sont rejetés et la partie aqueuse 
est diluée 4 environ 15 ml. et filtrée. Le filtrat est neutralisé par un excés de 
bicarbonate de sodium. Le benzoate et l’acétyl-salicylate précipitent a |’état 
solide et sont purifiés directement par cristallisation dans un solvant approprié. 
Les autres esters se séparent sous forme d’huile et sont identifiés par la forma- 
tion d’un picrate. L’ester est dissous dans l’alcool éthylique (5 ml.). Cette 
solution alcoolique est séchée sur du sulfate de sodium anhydre, filtrée, et le 
picrate de l’ester est précipité par l’addition d’une solution alcoolique saturée 
d’acide picrique (5 ml.). Le picrate est filtré, lavé avec quelques millilitres 
d’alcool, et recristallis¢ dans un solvant approprié. Les rendements varient 
de 25 4 50%. 

Les résultats des synthéses de ces esters sont donnés dans le tableau IT. 
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ESSAI DE SYNTHESES PSEUDOPHYSIOLOGIQUES DE 
6,7-DIMETHOX YISOQUINOLEINES' 


PAR JEAN-LOUIS FERRON ET PHILIBERT L’ECUYER 


SOM MAIRE 


L’acide diméthy! dihydrocaféique, l’eugénol glycol, le méthyleugénol glycol, 
et l’aldéhyde homovératrique ont été synthétisés par une nouvelle série de 
réactions. En aucun cas, il a été possible d’isoler une autre base que l’amine de 
départ lors des essais de condensation, dans des conditions pseudophysiologiques, 
de l'homovératrylamine et de la N-méthylhomovératrylamine avec divers 
aldéhydes et cétones bien que la récupération de la base ne dépasse jamais 84%. 
En dépit de certaines prétentions il semble donc que pour toute fin pratique 
ce mode de condensation soit irréalisable avec ces amines et d’autres du méme 
genre a moins que les groupements hydroxyles de I’amine ne soient a !’état libre. 


INTRODUCTION 


A la suite de la synthése de la tropinone par Robinson (12) plusieurs pré- 
parations d’alcaloides ont été effectuées im vitro a partir de substances sup- 
posées étre des produits de dégradation des acides animés. Ces synthéses 
pseudophysiologiques s’effectuent simplement en laissant séjourner a la tem- 
pérature ambiante les substances de départ dans des solutions tampons. 

Parmi les substances synthétisées de cette facon il convient de mentionner 
la lobelamine (16), la pseudopelletiérine (16), la rutécarpine (18), la téloidinone 
(13), et le tétrahydroharmane (5). Dans le groupe de la quinoléine Schépf et 
Lehmann (15) ont réussi la préparation de quinoléines mono- et bi-substituées 
en position 2 et 3 a partir de l’o-aminobenzaldéhyde (I) et de cétones (II, 
R; = H ou groupe alkyle; Re = CH; ou groupe aryle) ou d’acides 8-cétoniques 
(II, Ri = CO.H; Re = groupe alkyle ou aryle). Dans la série de l’isoquinoléine 


HO = 
-s is a ee RO. A, OCR 
] CH: 
NN D. . all aad 
NH, OC—R, an hot. H:C—R; 


(I) (II) (ITT) (IV) 


Schépf et Bayerle (14) ont réalisé la condensation de l'acide acétique avec deux 
amines: la 8-(3,4-dihydroxyphény])-éthylamine (III, Ri = Re = Rs = H) et la 
N-méthyl-6-(3,4-dihydroxyphény])-éthylamine (III, Ri = CH3;Re = R; = H) 
tandis que Schépf et’ Salzer (17) ont réussi la synthése de la 1-(3’4’-méthy- 
lénedioxybenzy!)-6,7-dihydroxytétrahydroisoquinoléine (V,R; = R, = OH; 
R;R, = CH,O,) a partir du pipéronal (II, R. = H; Ri = 3,4-méthyléne- 
dioxyphényl) et de la §-(3,4-dihydroxyphényl)-éthylamine (III, Ri = Rz 

A la suite de ces travaux Schépf (14) a émis I’hypothése que la réussite des 
synthéses physiologiques de dérivés de la tétrahydroisoquinoléine 4 partir des 


1Manuscrit regu le 29 septembre 1954. 
Contribution du Département de Chimie de |’ Université Laval, Québec, Qué. 
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R ~ R ~ 
NOY H. ~, Vl Yu, 
| NH \| x i 
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(V) (VI) (VII) 


6-phényléthylamines exige la présence de groupements hydroxyles libres en 
position ‘‘para’’. Par contre, Hahn et Schales (6), alléguant que la présence 
dans la nature d’un grand nombre d’alcaloides méthylés contredisait la pré- 
tention de Schépf, ont entrepris la condensation de l’homopipéronal avec 
l’homopipéronylamine et ont affirmé avoir isolé la 1-(3,4-méthylénedioxy- 
benzy])-6,7-méthylénedioxytétrahydroisoquinoléine (V, RiRe = R3R, = 
CH.0,). 

Spath et ses collaborateurs (20) par ailleurs rapportent qu’ils ont tenté de 
répéter les travaux de Hahn et Schales (6) et qu’ils n’ont pas réussi A isoler le 
produit de condensation. Ils concluent que les prétentions de Hahn et Schales 
sont fausses. Spath, de plus, attribue a l’instabilité en milieu acide de |’homo- 
vératraldéhyde et de la base de Schiff intermédiaire (VI) la faillite de ces essais 
de condensation dans ces conditions aussi bien que le faible rendement obtenu 
en effectuant la synthése de la tétrahydropapavérine 4 chaud en présence 
d’acide chlorhydrique concentré (19). 

En face de l’hypothése de Schépf, des prétentions de Hahn, et des avancés de 
Spath, il convenait d’étudier et de tenter d’éclaircir ce probléme. Nous avons 
essayé quatre séries de synthéses physiologiques avec l’homovératrylamine 
(III, Ri = H; Re = R; = CH;) et la N-méthylhomovératrylamine (III, 
Ri: = R. = R; = CH;) comme amines de départ: 

(1) condensation de l’homovératrylamine avec l'homovératraldéhyde; 

(2) condensation de la N-méthylhomovératrylamine avec l’homovératral- 

déhyde; 

(3) condensation de la N-méthylhomovératrylamine avec la benzaldéhyde; 

(4) condensation de la N-méthylhomovératrylamine avec la formaldéhyde, 

l’acétone, et l’acétaldéhyde. 

Nous avons préparé l’homovératrylamine en suivant la méthode de Fries et 
Bestian (4) qui consiste 4 décomposer I’azide de l’acide diméthyldihydrocafé- 
ique. Celui-ci avait déja été préparé (11) par la réduction de I’acide non saturé 
par l’amalgame de sodium. Nous I’avons facilement obtenu en rendements 
quantitatifs par la réduction catalytique de l’acide caféique en présence de 
chlorure de palladium dispersé sur du noir animal. 

La N-méthylhomovératrylamine a été synthétisée en suivant la méthode 
de Buck (1). Son picrate a un p.f. de 175°C. et non de 162-163°C. comme le 
donne I’auteur. 
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L’aldéhyde homovératrique a déja été synthétisé par ozonisation du méthyl- 
eugénol suivie de la réduction de l’ozonide correspondant (7). Nous l’avons 
préparé par l’oxydation du méthyleugénol glycol au tétraacétate de plomb. 
Quant a ce glycol, il peut s’obtenir par l’oxydation du méthyleugénol au per- 
manganate de potassium (9). Nous avons préféré le préparer par la méthylation 
du groupement phénolique de l’eugénolglycol a l'aide de l’iodure de méthyle. 

Enfin, nous avons synthétisé avec un rendement de 90% l’eugénolglycol par 
l’oxydation de |’acétate d’eugénol a l’acide performique, suivie de la saponifi- 
cation des groupements acétyle et formyle. Freudenberg (3) avait préparé ce 
glycol a partir de l’eugénol par une série de quatre réactions difficiles avec un 
rendement final de seulement 43%. 


PARTIE EXPERIMENTALE 

Acide diméthyldihydrocaféique 

De l’acide diméthylcaféique (41.6 g., 0.2 mole) est dissous dans la soude 
(100 ml. de solution 4 10%) et la solution est réduite catalytiquement sous 
pression (2-3 atmosphéres) 4 la température ambiante en présence d’un 
mélange chlorure de palladium — noir animal (5.0 g. 4 8% de chlorure de 
palladium). Le catalyseur est récupéré par filtration et le filtrat acidulé. 
L’acide qui précipite est filtré, bien lavé a l’eau, et séché. Rendement: 99% 
(41.8 g.) d’acide pur de p.f. 97°C. 


N-Méthylhomovératrylamine 


Cette amine est préparée a partir de l’homovératrylamine (9.82 g., 0.055 
mole) et de l’aldéhyde benzoique (5.75 g., 0.055 mole) selon le mode opératoire 
décrit par Buck (1). Rendement: 69% (11.95 g. d’iodhydrate). La N-méthyl- 
homovératrylamine forme un picrate de p.f. de 175°C.; Buck (1) donne 
162-163°C. Calculé pour Ci7H20O N : C, 48.1%; H, 4.7%. 

Eugénolglycol 

De l’acétate d’eugénol (31.7 g., 0.15 mole), de l’acide formique 4 90% 
(320 ml.), et du peroxyde d’hydrogéne 4 30% (32 ml.) sont introduits dans un 
ballon. Une réaction exothermique s’amorce immédiatement et la température 
monte lentement 4 40°C. On maintient le mélange réactionnel a cette tem- 
pérature (+1°C.) d’abord par immersion intermittente dans un bain d’eau 
froide et ensuite, lorsque la vitesse de la réaction a diminué, par introduction 
dans un bain d’eau a 40°C. On laisse 4 cette température pendant deux heures 
et ensuite 4 la température ambiante pendant 12 h. On distille les acides for- 
mique et performique sous vide partiel, on dissout le résidu dans I’alcool 
méthylique (100 ml.), et on saponifie en faisant bouillir 4 reflux pendant 
30 min. avec de l’hydroxyde de potassium (40 g. en solution dans 50 ml. d’eau 
et 100 ml. de méthanol). L’alcool et l’eau sont ensuite évaporés sous vide partiel 
et le résidu dissous dans I’acide chlorhydrique dilué (75 ml. d’acide 2:1). La 
solution acide est extraite a l’acétate d’éthyle (cinq portions de 100 ml.), les 
extraits combinés sont séchés sur du sulfate de sodium anhydre, filtrés, et 
concentrés. Le glycol brut est distillé sous pression réduite. Rendement: 
90% (27.9 g.) de glycol pur de p.é. 146°C./0.0003 mm. Le glycol a été identifié 
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par la formation du tribenzoate de p.f. 100°C. Calculé pour C3:H2;O;: C, 73.1%; 
H, 4.9%. Trouvé: C, 72.9%; H, 5.2%. 
Méthyleugénolglycol 

On dissout du sodium (3.3 g.) dans I’alcool méthylique anhydre (25 ml.) et 
a la solution de méthylate de sodium, on ajoute une solution d’eugénol glycol 
(27.9 g., 0.14 mole) dans du méthanol anhydre (100 ml.) et de l’iodure de 
méthyle (46 g., 0.32 mole). On fait bouillir la solution a reflux jusqu’a ce qu'elle 
devienne acide au tournesol. L’alcool est alors distillé sur bain-marie et le 
résidu dissous dans l’eau (environ 50 ml.). La solution aqueuse est rendue 
alcaline par addition de quelques millilitres de soude concentrée et extraite 
a l’alcool amylique (trois portions de 100 ml.). L’extrait est séché, l'alcool 
amylique chassé sous vide partiel, et le méthyleugénol glycol distillé sous 
pression réduite. Rendement: 74.5% (22.3 g.) de p.é. 134°C./0.0003 mm. 
Aldéhyde homovératrique 

Du méthyleugénol glycol (19.97 g., 0.094 mole) est dissous dans le benzéne 
(250 ml.) et introduit dans un ballon a trois tubulures muni d’un agitateur 
mécanique et d’un condensateur 4 reflux. A cette solution bien agitée on ajoute 
a l’ébullition du tétracétate de plomb (41.5 g., 0.094 mole) en portions de 243g. 
Lorsque l’oxydation est terminée (15-20 min.) la suspension est refroidie, 
l’acétate de plomb filtré, le filtrat lavé a l’eau, séché sur du sulfate de sodium 
anhydre, et concentré. Le résidu d’aldéhyde homovératrique est distillé sous 
pression réduite. Rendement: 67.5% (11.34 g.); p.é. 125°C./1.5 mm. 

L’aldéhyde a été identifié par la préparation de la p-nitrophénylhydrazone 
de p.f. 158-159°C. (8) et de la 2,4-dinitrophénylhydrazone de p.f. 172°C. 
Calculé pour CisHisOeNy: C, 53.8%; H, 4.5%. Trouvé: C, 53.6%; H, 4.3%. 
Essais de synthéses physiologiques 


Les expériences ont été faites en mélangeant les réactifs de départ dans des 
solutions tampons. Trois séries de solutions tampons ont été préparées. Les pH 
ont été vérifiés par mesure électrométrique et les valeurs ont été trouvées 
exactes 4 +0.05. Voici ces mélanges tampons: 


SERIE A: seats ——. - et acide “NasliBo (10) 


he - 2M C.H;0; 0.1 

1 £ : 11.72 ml. 

2 5.2 10. 72 = 9.28 ml. 

3 6.2 12.63 ml. 7.37 ml. 
SERIE B: Phthalate acide de potassium et hydroxyde de sodium (2) 

No p NaOH 0.2 M KHC;H, 0.2 

1 4.2 3.65 ml. 50.0 ml. 

2 5.2 29.75 ml. 50.0 ml. 

3 6.6 47.00 ml. 50.0 ml. 
Série C: Acide acétique et acétate de vows (21) 

No pH H;CO:H 0.2 NV CH;CO.Na 0.2 NV 

1 5.2 4.0 ml. 16.0 ml. 


Dans le tableau I od sont compilés les résultats observés, ces mélanges tampons 
sont identifiés par la lettre de la série suivie du numéro de la solution. 

A chacune des solutions tampons mentionnées dans le tableau sont ajoutés 
de l’amine pesée exactement (environ 0.5 g.) et, suivant le cas, de la cétone 
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ou de l’aldéhyde pesé exactement (environ 0.5 g.). Les mélanges sont d’abord 
agités vigoureusement et ensuite laissés au repos a4 la température ambiante 
pendant sept a huit jours, tout en agitant quotidiennement durant environ 
une heure. On extrait alors les solutions acides au chloroforme ou a 1’éther 
selon le cas (trois fois avec 5 ml.). Les extraits chloroformiques ou éthérés sont 
décantés, séchés sur du sulfate de sodium anhydre, filtrés, et évaporés a sec 
sur bain-marie. Les résidus laissés par |’évaporation du solvant sont pesés et 
dissous dans de I’alcool absolu (5-10 ml.) et on ajoute une solution saturée 
d’acide picrique (9-12 ml.). 

Les portions aqueuses sont alcalisées 4 la soude 30% et extraites au chloro- 
forme (trois fois avec 5 ml.). Les extraits chloroformiques sont décantés, séchés 
sur du sulfate de sodium anhydre, et filtrés, puis le chloroforme est évaporé sur 
bain-marie. Le résidu considéré comme étant uniquement de l’amine de départ 
est pesé. Ce résidu est dissous dans I’alcool absolu (5-10 ml.). L’addition d’une 
solution alcoolique saturée d’acide picrique (5-10 ml.) fait précipiter un picrate 
qu’on filtre et recristallise dans un mélange dioxane-éthanol (1 : 4) jusqu’a 
constance du point de fusion. 

Les résultats de ces expériences apparaissent au tableau I. On y trouve: 
(1) la nature des réactifs; (2) celle de la solution tampon; (3) le pH des solu- 
tions; (4) les poids de l’aldéhyde ou de la cétone et ceux de l’amine de départ; 
(5) le poids.de l’extrait obtenu aprés alcalinisation 4 la soude; (6) le poids du 
picrate pur obtenu de I’extrait fait en milieu alcalin; (7) le point de fusion du 
picrate; (8) le pourcentage de récupération de l’amine. Ces pourcentages sont 
calculés en faisant le rapport du poids de l’amine brute récupérée sur le poids 
de l’amine de départ. II n’est pas tenu compte des extraits faits en milieu acide, 
parce qu’ils n’ont jamais fourni de picrate lorsque traités par l’acide picrique. 


CONCLUSIONS 


Bien que la récupération de l’amine de départ ne soit jamais de 100% (une 
quantité variable d’amine disparait au cours de l’essai de condensation), dans 
aucun cas il nous a été possible de déceler la présence d’une autre base que 
celle de départ dans les produits de la réaction. L’identité du picrate isolé et de 
celui de l’amine de départ a été vérifiée par la détermination de points de fusion 
mixtes et par l’analyse des picrates provenant des essais 3, 7, et 11. Il nous 
semble évident que, s’il y a condensation entre le composé carbonyle et l’amine, 
elle doit étre négligeable et, en tous cas, insuffisante pour étre décelée. 

Voici donc les conclusions qui découlent de ces expériences: 

(1) La condensation de la N-méthylhomovératrylamine avec les aldéhydes 
exclue la possibilité de la formation d’une base de Schiff instable comme 
produit intermédiaire, ce qui ne permet pas d’invoquer |’instabilité d’une telle 
base comme raison de la faillite des condensations pseudophysiologiques avec 
les N-méthyl-3,4-dihydroxyphényléthylamines éthérifiées. 

(2) Comme certains essais de condensation ont été tentés avec des aldéhydes 
stables (formique, acétique, et benzoique), l’instabilité de l’'aldéhyde ne peut 
pas non plus, dans ces cas, étre le véritable facteur d’insuccés. 
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(3) Ces résultats négatifs confirment le point de vue de Schépf qui veut que 
les groupements oxydriles dans l’homovératrylamine doivent étre libres pour 
que la condensation avec les aldéhydes ou les cétones puisse se faire dans des 
conditions pseudophysiologiques. 
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A COMPARISON OF THE PROPERTIES OF PENTAACETATES 
AND METHYL 1,2-ORTHOACETATES OF GLUCOSE AND 
MANNOSE! 


By R. U. LEMIEUX? AND CAROL BRICE 


ABSTRACT 


The rates of exchange of acetate—concurrent with anomerization—between 
the Cl-acetoxy groups of the pentaacetates (0.05 M) of p-glucose and D-mannose 
and stannic trichloride acetate (0.05 M) in chloroform containing stannic chloride 
(0.05 M) were determined at 40°C. using isotopically labelled acetate. 1,2-trans- 
a-D-Mannose pentaacetate underwent exchange seven times more rapidly than 
the 8-1,2-cis-anomer but eight times less rapidly than 1,2-trans-8-p-glucose 
pentaacetate. The latter compound was 450 times more reactive than the a-1,2- 
cis-anomer. In accordance with these results, the D-mannose pentaacetate 
underwent mercaptolysis in ethyl mercaptan containing zinc chloride at rates 
intermediate to those found for the D-glucose pentaacetates. The main product 
from the mannose pentaacetates was in each case ethyl! 1,2-trans-a-p-1-thioman- 
nopyranoside tetraacetate (60-70% yield). Tetra-O-acetyl-8-p-glucopyranosyl 
chloride with silver acetate gave 8-D-glucose pentaacetate when the reaction 
was carried out in dry acetic acid but gave 2,3,4,6-tetra-O-acetyl-a-p-glucose 
in 90% aqueous acetic acid. Tetra-O-acetyl-8-p-glucopyranosyl chloride with 
methanol and silver carbonate gave a sirupy product with the properties expected 
for methyl 1,2-ortho-O-acetyl-a-D-glucopyranose triacetate. The substance 
was hydrolyzed by 0.005 N hydrochloric acid in 95% dioxane 18 times more 
rapidly than the corresponding derivative of 8-D-mannose. The significance of 
these observations toward an understanding of the effect of configuration on 
reactivity is discussed. 


INTRODUCTION 


The technique developed by the authors (11), in which the exchange— 
concurrent with anomerization (13)—of acetate between the Cl-acetoxy group 
of a sugar acetate and SnCl,;OAc* (labelled in the carboxyl group with carbon- 
14), was applied to the pentaacetates of D-mannose and D-glucose. In these 
experiments the non-radioactive sugar acetate (I) is treated in chloroform 
solution with equimolar amounts of stannic chloride and the radioactive 














| 
i  — SH + OAc? 
I 
SnCl,OAc* SnClhLOAc 
| 
CHOAc* > SH + OAc*O 
Il 


(S = Sugar acetate carbonium ion) 
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stannic trichloride acetate. At various times thereafter, the prevailing sugar 
derivatives (II) are isolated and their radioactivity is determined. It was 
shown (11) for the D-glucose pentaacetates that the exchange is specific for the 
Cl-acetoxy group. The same situation is assumed for the D-mannose penta- 
acetates. The reaction rates obtained obviously are a measure of relative ease 
of bringing about dissociation of the Cl to acetoxy group bonds of the various 
sugar acetates whether or not anomerization takes place prior to the disso- 
ciation. 

The exchange data obtained for the pentaacetates of D-mannose and D- 
glucose at 40°C. are plotted in Fig. 1. It is seen that, at least for the initial 
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Fic. 1. Rates of exchange of sugar acetates (0.05 M) with labelled stannic trichloride 
acetate (0.05 M) in the presence of stannic chloride (0.05 M) in chloroform solution. 
Plot 1—8-p-glucopyranose pentaacetate 
2—a-D-mannopyranose pentaacetate 
3—8-D-mannopyranose pentaacetate 
4—a-D-glucopyranose pentaacetate 
stages, the exchange reactions follow the simple exponential law expected for 
simple isotopic exchange reactions (2). The data from duplicate runs starting 
with the mannose pentaacetates are plotted in order to illustrate the repro- 
ducibility of these experiments. The relative rates of exchange at 40°C. 


obtained by comparing the slopes of the curves in Fig. 1 are listed in Table I. 


TABLE I 


RELATIVE RATES OF EXCHANGE OF THE C1-ACETOXY GROUP OF SUGAR ACETATES (0.05 M) 
WITH SnCl,OAc* (0.05 M) IN THE PRESENCE OF SnCl, (0.05 M) In CHLOROFORM AT 40°C. 











Pentaacetate of Relative rates of reaction 
1,2-cis-a-D-glucose 1 
1,2-cis-8-D-mannose 8 
1,2-trans-a-D-mannose 56 


1,2-trans-B-D-glucose 450 
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Thus, as found in other similar investigations (7), the rate of Cl to acetoxy 
group dissociation of sugar acetates is strongly affected by the relative con- 
figurations of all the asymmetric centers in the molecule. 

The stereochemical route of the reaction of a sugar acetate with ethyl 
mercaptan catalyzed by zinc chloride (9) is readily established since the 
acetylated ethyl 1-thioglycosides which are formed are highly resistant to 
anomerization. Thus, the mercaptolysis of a sugar acetate can yield informa- 
tion on neighboring group participation in replacements of the Cl-acetoxy 
group. Mercaptolysis of either a- or 8-D-mannose pentaacetate for 50 hr. at 
0°C. gave ethyl a-p-1-thiomannopyranoside tetraacetate. The yield was 70% 
from the 8-D-pentaacetate and 60% from the a-D-anomer. Inspection of the 
residual sirups, after deacetylation, by preparative paper chromatography led 
in each case to the isolation of ethyl 8-p-1-thiomannopyranoside in approxi- 
mately 0.15% yield. Therefore, as was previously found (9) for the p-glucose 
pentaacetates, both the D-mannose pentaacetates yield essentially only the 
1,2-trans-1-thioglycoside. Fried and Walz (3) have established the pyranoside 
structure for ethyl 8-p-1-thiomannopyranoside tetraacetate. We have estab- 
lished the pyranoside structure of the a-D-anomer (III) by reductive desul- 
phurization to form styracitol tetraacetate (IV). The latter compound was also 
obtained by reductive desulphurization of ethyl 8-p-2-thiofructopyranoside 
tetraacetate (V). The retention of configuration obtained on mercaptolysis of 


CH:0Ac CH:0Ac CH.OAc 
a let - ne 
|Z \ - |7  -aeee Ke SEt 
I OAc OAc /! I Ode OAc /| OAc x 
AcO \\| |7 SEt AcO \| |Z AcO \\— 
| | | 
III IV Vv 


the a-D-mannose pentaacetate indicates the participation of a neighboring 
group in the first stage of the reaction. The fact that 1,2-trans-tetra-O-acetyl-a- 
D-mannopyranosy] halides yield 1,2-orthoacetates under the conditions of the 
Koenigs—Knorr reaction (1, 15 p. 83) supports this contention. The simple 
Walden inversion obtained on mercaptolysis of 6-D-mannose pentaacetate may 
be the result of an Sy2 type replacement. However, other possible mechanisms, 
such as anomerization prior to mercaptolysis or the formation of intermediate 
carbonium ions which have a tendency to form the a-p-thiomannoside cannot 
at present be excluded. 

Lemieux (9) found that 8-p-glucose pentaacetate undergoes mercaptolysis 
much more rapidly than does the a-D-anomer. It was seen above with reference 
to Table I that a similar wide difference in reactivity exists for these compounds 
in undergoing exchange of the Cl-acetoxy group with stannic chloride acetate. 
It was therefore of interest to compare the relative rates at which the pD- 
mannose pentaacetates undergo mercaptolysis with those found for the 
exchange reactions. The rates of mercaptolysis were measured as described 
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previously (9) and the data are plotted in Fig. 2 where the data for the p- 
glucose pentaacetates are also included. It is important to note at this point 
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Fic. 2. A comparison of the rates of mercaptolysis (9) of sugar acetates at 0°C. 
Plot 1—8-p-glucopyranose pentaacetate (9) 

2—8-bD-mannopyranose pentaacetate 

3—a-D-mannopyranose pentaacetate 

4—a-D-glucopyranose pentaacetate (9) 


that these rates of mercaptolysis are only a very rough measure of the rates 
of ethyl 1-thioglycoside tetraacetate formation because of the presence of side 
reactions which yield materials with higher sulphur contents. It will be seen 
below that this is particularly true for the D-mannose pentaacetates. The 
plots in Fig. 2 show that, unlike the D-glucose pentaacetates, the D-mannose 
pentaacetates undergo mercaptolysis at not widely different rates. These 
results are roughly in agreement with those expected on the basis of the 
relative rates of exchange listed in Table I and show that the rates of exchange 
can be used as an indication of the ease of replacing the Cl-acetoxy group of 
sugar acetates. 

The data plotted in Fig. 3 show that an increase in temperature from 0°C. 
to 20°C. for the mercaptolysis of the D-mannose pentaacetates is accompanied 
by a large increase in the extent of side reactions. One of the by-products 
possessed, after deacetylation, the formula Ci2H2¢0,S;. The material may be 
epimeric to the 2-deoxy-2-ethylthio derivative of D-glucose diethyl thioacetal 
which was obtained in small yield on the mercaptolysis of the D-glucose penta- 
acetates (9). 











LEMIEUX AND BRICE: GLUCOSE AND MANNOSE : 113 





" spaiotie vga 
Lge 
2 ay 
| 


PERCENT SULPHUR 
> 
q 
1 











TIME , (hours) 


Fic. 3. The effect of temperature on the mercaptolysis of 8-mannose pentaacetate (plots 1 
and 3) and of a-mannose pentaacetate (plots 2 and 4). 


The high reactivity of 8-D-glucose pentaacetate as compared to the a-anomer 
in undergoing dissociation of the C1 to acetoxy group bond catalyzed by acids 
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has been attributed to participation of the C2-acetoxy group in the case of 
the 1,2-trans-8-pD-anomer (9, 11). We now wish to present further evidence 
for the participation based on the behavior of tetra-O-acetyl-8-D-glucopyranosy] 
chloride (VI) under conditions for solvolysis. This substance is readily obtained 
in high yield by reacting 8-D-glucose pentaacetate with an equivalent amount 
of titanium tetrachloride in benzene for only five minutes at 40°C. The authors 
have described the nature of this reaction in a previous publication (11). The 
chloride (VI) reacted extremely rapidly with silver acetate in dry acetic acid 
to form 8-D-glucose pentaacetate (VIII). However, when water was present in 
the reaction mixture, the product was strongly dextrorotatory, soluble in water, 
and readily vielded crystalline 2,3,4,6-tetra-O-acetyl-a-D-glucose (X). This 
was to be expected on the basis of the conclusions reached by Isbell and Frush 
(8). Winstein and Roberts (19) have recommended the procedure as a general 
test for carbonium ions derived through neighboring acetoxy group participa- 
tion. Thus, the orthoacid (IX) was an intermediate in the reaction. It is of 
interest to note that the fact that this substance rearranged at least in part 
to the tetraacetate (X) indicates that 1,3,4,6-tetraacetyl-a-D-glucose (12) should 
possess a tendency to rearrange to the 2,3,4,6-tetraacetate (X). Schlubach and 
Wolf (17) have prepared the tetraacetate (X) by reaction of tetra-O-acetyl-f- 
p-glucopyranosy! chloride with silver carbonate in moist acetone. 

When tetra-O-acetyl-8-p-glucopyranosyl chloride (VI) was reacted with 
silver carbonate in dry methanol, a highly acid-labile sirupy product was 
obtained which possessed the properties expected for methyi 1,2-ortho-O- 


TABLE II 
RATES OF HYDROLYSIS OF SUGAR ORTHOACETATES 
The orthoester, 50 mgm., was dissolved at zero time in 3.16 ml. of 0.005 N hydrochloric acid 
in 95% dioxane and the solution was observed at room temperature, 23.5°C., in a 2 dm. tube. 








t, min. Observed rotation k, min. 





Methyl 1,2-ortho-O-acetyl-a-D-glucopyranose triacetate 
0 rd (Calc.) 


4 3 0.28 
5 3.37 0.28 
6 3.48 0.29 
rf 3.56 0.29 
8 3.62 0.29 
9 3.66 0.29 
10 3.69 0.28 
25 3.79 — 
30 (©) 3.79 Average 0.29 
1,2-Ortho-O-acetyl-B-b-mannopyranose triacetate (1) 
0 —1.012° (Calc.) ree 
10 —0.860 0.016 
20 —0.765 0.014 
40 —0.560 0.015 
60 —0.430 0.014 
90 —0.270 0.015 
120 —0. 164 0.015 


480 (2 )) 0.000 Average 0.015 
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acetyl-a-D-glucopyranose triacetate (XI). That is, although acid hydrolysis 
gave four acetyl groups per methoxyl group, only three of the acetyl groups 
could be detected by saponification. Furthermore, the substance was extremely 
sensitive to acid hydrolysis—a fact which is characteristic of sugar orthoesters 
(15). Thus, there can be no doubt that the substance was methy] 1,2-ortho-O- 
acetyl-a-D-glucopyranose triacetate (XI). Unfortunately, the substance has 
not crystallized. 

The rates of hydrolysis of both the D-glucose orthoacetate (XI) and the well- 
known methyl 1,2-ortho-O-acetyl-8-p-mannopyranose triacetate (1) in 95% 
dioxane 0.005 N with respect to hydrochloric acid were determined polari- 
metrically. The data, given in Table II, show that the p-glucose derivative is 
hydrolyzed 18 times faster than the D-mannose compound. This is reminiscent 
of the relative reactivities noted above for the 1,2-trans-pentaacetates of 
D-glucose and D-mannose. Winstein and co-workers (18) have established the 
inherent stability of 1,2-cyclic carbonium ions of structure XII. Consequently, 
it seems likely that the hydrolysis of 1,2-cyclic orthoacetates proceeds by way 
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of such ions and that the higher reactivity of both 6-p-glucose pentaacetate 
and the D-glucose orthoacetate (XI) as compared to the corresponding deriva- 
tives of D-mannose is due in each case mainly to a greater stability of the 1,2- 
cyclic ion (VII) from p-glucose than for the corresponding ion (XIII) from 
D-mannose. This could be the result of a steric inhibition to resonance in the 
D-mannose carbonium ion (XIII) which is not present in the D-glucose car- 
bonium ion. It is of interest to note that the presently described methyl 1,2- 


CH OAc 





XIII 


ortho-O-acetyl-a-D-glucopyranose triacetate (XI) appears to be about five 
times more sensitive to acid hydrolysis than the corresponding derivative of 
p-glucuronic acid methyl ester (5). 
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The greater reactivity of 8-D-mannose pentaacetate over a-D-glucose penta- 
acetate both toward exchange (see Fig. 1) and mercaptolysis (see Fig. 2) may 
well be due to a weakening of the Cl to acetoxy group bond in the mannose 
derivative through the steric strain which should arise from the presence in this 
compound of four large substituents on one side of the ring. It has been sug- 
gested (6, 14) that the anomalous A-values which are obtained when Hudson’s 
rules of isorotation are applied to anomeric mannose derivatives may be due 
to the occurrence in these compounds of internal strains which force the 
molecules into unusual conformations. 


EXPERIMENTAL 
Rates of Exchange 


Stannic chloride, freshly distilled in a dry atmosphere, 3.30 gm. (12.6 mM.), 
was dissolved in 50 ml. of pure dry chloroform. Dry radioactive silver acetate, 
1.045 gm. (6.25 mM.), 163,000 counts per min., was added and the mixture was 
refluxed in a dry apparatus for 20 min. The silver chloride was removed by 
filtration and was washed twice with 20 ml. volumes of the dry chloroform. 
The combined filtrates were diluted to 100 ml. The sugar acetate, 0.489 gm. 
(1.25 mM.), was dissolved in about 3 ml. of dry chloroform in 25 ml. volu- 
metric flask. At zero time, exactly 20 ml. of the SnCl,OAc* — SnC\, solution 
was added at 40°C. and the solution was diluted to 25 ml. After the various 
reaction times, a 4 ml. sample was removed and plunged into 50 ml. of cold 
water. The mixture was extracted three times with chloroform. The chloro- 
form extracts were washed in succession with sodium bicarbonate solution 
then with water, combined, and dried over sodium sulphate. The chloroform 
was removed im vacuo to yield a sirup which was dried at 60°C. in a high 
vacuum. The sample was converted to barium carbonate for counting at 
infinite thickness (11). Evidence was obtained (11) that stannic chloride reacts 
quantitatively with silver acetate. Therefore, complete exchange of the Cl- 
acetoxy group of the sugar acetate with the stannic trichloride acetate thus 
formed would be expected to yield sugar acetate with a radioactivity of 
163,000 XK 167/2 XK 16 X 197 = 4300 counts per min. when counted as 
barium carbonate. The results plotted in Fig. 1 were calculated on this basis. 


Rates of Mercaptolysis 
The rates of mercaptolysis were determined as previously described (9). 


Mercaptolysis of 8-D-Mannose Pentaacetate 


Pure, dry 8-D-mannose pentaacetate, 2.00 gm., was dissolved at O0°C. in 
10 ml. of dry ethyl mercaptan which contained 1.00 gm. of anhydrous zinc 
chloride. The solution was left at 0°C. for 48 hr. and the product was isolated 
as previously described (9). Crystallization from ethanol gave 1.36 gm. (68% 
vield) of crude ethyl a-p-1-thiomannopyranoside tetraacetate, m.p. 98-106°C. 
The substance was pure, m.p. 107—108°C., [a]p+101° (c, 0.6 in chloroform), 
after two recrvstallizations. These constants are in close agreement with those 
reported by Fried and Walz (3), m.p. 107—108°C., [a]?§+104° (c, 0.88 in 
chloroform). 
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The mother liquors from the crystallizations were combined and evaporated 
to sirup, 0.75 gm., which was deacetylated with sodium methylate in dry 
methanol. Inspection of the product by partition chromatography on paper 
using butanol-ethanol—water (5:1 :4) showed the presence of seven zones. 
The approximate Ry; values were: I, 0.04; II, 0.12; III, 0.17; IV, 0.51; V, 0.64; 
VI, 0.75; VII, 0.87. The zones were detected on the paper by the periodate— 
permanganate spray reagent developed in this laboratory (10). Substance III 
appeared to be mannose and, as is shown below, substances IV and V were the 
8- and a-ethyl 1-thiomannopyranosides, respectively. 

The deacétylated product was dissolved in water and the solution was 
extracted thtee times with ether. A very small amount of material, m.p. 
108-110°C., was deposited on evaporation of the ether. The melting point was 
not depressed by the substance described below which was obtained in the 
same mannet from a-D-mannose pentaacetate. The substances responsible for 
zones IV and V in the above chromatograms were isolated by preparative 
paper chromatography of the material which remained in the aqueous phase. 
The compounds were acetylated with sodium acetate and acetic anhydride for 
crystallization. Zone IV gave 2.7 mgm. of a substance, m.p. 159-160°C., 
which must be (see below) ethyl 8-p-1-thiomannopyranoside tetraacetate, 
m.p. 161-162°C. Zone V gave 49 mgm. of pure ethyl a-p-1-thiomannopyrano- 
side tetraacetate, m.p. 106—-107°C. 

When the mercaptolysis was carried out at room temperature for 23 hr., the 
yield of crude ethyl a-p-1-thiomannopyranoside tetraacetate was 60%. 


Mercaptolysis of a-D-Mannose Pentaacetate 


Mercaptolysis of 2.00 gm. of o-D-mannose pentaacetate under the above 
conditions led to the direct isolation of 1.18 gm. (59% yield) of crude ethyl 
a-D-1-thiomannoside tetraacetate, m.p. 98-104°C. The residual sirups were 
treated as described above. The same pattern was obtained on paper chroma- 
tography. The ether extraction gave enough of the by-product for purification 
and analysis. After recrystallization from water, the material melted at 110.5- 
111°C. Calc. for Ci2H260.8;: C, 43.61; H, 7.93; S, 29.1%. Found: C, 43.61; 
H, 7.88; S, 28.1%. Zone IV gave, after acetylation, 3.0 mgm. of a substance, 
m.p. 157-160°C. This material was combined with the same material described 
above for a measurement of the specific rotation. The value, —65° (c, 0.05 in 
chloroform), is in good agreement with that, [a]p — 67° (c, 0.67 in chloroform), 
reported for ethyl 6-D-1-thiomannopyranoside tetraacetate, m.p. 161-162°C. 


(3). 
1,6-Anhydro-D-mannitol (Styracitol) 


The ethyl a-p-1-thiomannopyranoside tetraacetate, 300 mgm., was treated 
with 6 ml. of settled Raney nickel in 30 ml. of 70% aqueous ethanol and the 
mixture was refluxed for 4.5 hr. The catalyst was removed by filtration and 
washed with hot ethanol. The combined filtrates were evaporated in vacuo to 
sirup which was deacetylated in methanol solution with dry ammonia. Solvent 
removal gave a sirup which soon crystallized. Recrystallization from methanol 
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gave 100 mgm. of material, m.p. 154.5-155°C., [a]p—50° (c, 0.9 in water). 
The constants for styracitol are, m.p. 155-156°C., [a]p»—50° (c, 1 in 
water) (3). 

Reductive desulphurization of ethyl 6-p-2-thiofructopyranoside (20), 1.00 
gm., under the above conditions and deacetylation of the product gave a sirup 
which crystallized after repeated extractions with ether. Recrystallization from 
methanol gave 91 mgm. of pure styracitol, m.p. 154—155°C., [a]p —50.5° 
(c, 0.4 in water). The melting point was unaffected by the styracitol from the 
a-D-thiomannoside. 


Tetra-O-acetyl-8-D-glucopyranosyl Chloride (VI) (11, 16) 


A solution of pure dry 8-p-glucose pentaacetate, 10 gm., in 50 ml. of dry 
benzene was mixed at 40°C. with 50 ml. of benzene which contained 5 gm. 
(3 ml.) of titanium tetrachloride. After five minutes, when some yellow pre- 
cipitate still remained, the mixture was poured into 150 ml. of ice water. After 
the mixture was vigorously shaken, the benzene layer was isolated and washed 
first with aqueous sodium bicarbonate solution and then with water. The 
benzene solution was dried for a few minutes over sodium sulphate and then 
evaporated im vacuo to a sirup. The sirup was dissolved in ether and Skellysolve 
F was added to turbidity. On standing at 0°C., 6.5 gm., 68% yield of essentially 
pure tetra-O-acetyl-8-p-glucopyranosyl chloride, m.p. 90—-95°C., [a]p —20.3° 
(benzene), was deposited. Recrvystallization from the same solvents yielded 
pure material, m.p. 95-97°C., [a]p —22° (c, 1 in chloroform). Schlubach (16) 
has reported tetra-O-acetyl-8-p-glucopyranosy! chloride to melt at 99-100°C. 
with [a]?? — 13.0° (c, 1 in chloroform). 


2,3,4,6-Tetra-O-acetyl-a-D-glucopyranose (X) (4, 17) 


Tetra-O-acetyl-8-p-glucopyranosy! chloride, 0.5 gm., was added to 10 ml. of 
dry acetic acid which contained 0.5 gm. silver acetate and the mixture was 
shaken at room temperature. Judging from the rate at which silver chloride 
was formed, the reaction was complete within one or two minutes. After 10 
min., the silver salts were removed by filtration and the filtrate was evaporated 
to sirup, 0.539 gm., which crystallized completely. The material was pure 
8-D-glucopyranose pentaacetate (VIII) after one recrystallization from 
ethanol. 

The reaction was repeated with the exception that 90% aqueous acetic acid 
was substituted for the glacial acetic acid. The product was strongly dextro- 
rotatory, [a]p+110° (90% aqueous acetic acid), and crystallized readily from 
ether—-Skellysolve F. The material, m.p. 89-96°C., [a]p+138° (c, 0.44 in chloro- 
form), melted at 96-98°C. after one recrystallization from the same solvents. 
Cale. for Ci4H2eO19: acetyl, 49.5%. Found: acetyl, 51.1%. Georg (4) has 
reported 2,3,4,6-tetra-O-acetyl-a-D-glucose to melt at 99-100°C. with [a]p 
+135° (c, 4 in chloroform). When the reaction was carried out in ordinary 
glacial acetic acid, the product, [a]p+59° (acetic acid) was found to contain 
about equal amounts of 2,3,4,6-tetra-O-acetyl-p-glucose and #-p-glucose 
pentaacetate. 
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Methyl 1,2-Ortho-O-acetyl-a-D-glucopyranose Triacetate (XI) 

Tetra-O-acetyl-8-D-glucopyranosy] chloride, 1 gm., was shaken with 50 ml. 
of dry methanol which contained 1.5 gm. of freshly prepared dry silver car- 
bonate for 50 min. at room temperature. The solids were removed by filtration 
and washed with benzene. The combined filtrates were evaporated below 12°C. 
to a sirup which was dissolved in benzene. The solution was clarified by filtra- 
tion and evaporated to a sirup, [a]p+65° (c, 0.9 in chloroform) which was 
dried in a high vacuum at room temperature. Calc. for methyl 1,2-ortho-O- 
acetyl-a-D-glucopyranose triacetate, CisH22O19: methoxyl, 8.56%; acetyl by 
saponification, 35.64%; acetyl by acid hydrolysis, 47.51%. Found: methoxyl, 
8.30%; acetyl by saponification, 37.3, 37.3%; acetyl by acid hydrolysis, 47.6, 
46.3%. 
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A MECHANISM FOR THE ANOMERIZATION OF ACETYLATED 
ALKYL GLYCOPYRANOSIDES' 


By R. U. Lemieux? anp W. P. SHYLUK 


ABSTRACT 


Unequivocal evidence that the anomerization of acetylated alkyl glycopyrano- 
sides can proceed by way of an intramolecular mechanism was obtained 
through the observation that a racemic mixture of methyl 8-glucopyranoside tetra- 
acetete with the p-isomer labelled in the methoxyl group with carbon-14 is 
anomerized both by titanium tetrachloride and boron trifluoride without transfer 
of radioactive methoxyl groups to the L-isomer. It is submitted that these intra- 
molecular anomerizations are best rationalized as the result of an unsuccessful 
attempt by the environment to bring about glycosidic cleavage and proceed by 
way of an ion-pair intermediate in which the anion is derived from the aglycon 
group. 


INTRODUCTION 


In 1928, Pacsu reported that methyl 8-p-glucopyranoside tetraacetate was 
transformed to the a-anomer by refluxing a solution of the substance in chloro- 
form containing either stannic chloride (20) or titanium tetrachloride (21). 
Titanium tetrachloride was the more effective catalyst and the method has 
found wide application for the preparation of alkyl glycosides anomeric to the 
form obtained by the Koenigs—Knorr reaction with stable 1,2-cis-O-acetyl- 
glycosyl halides (11, 14, 21, 22, 24). In 1944, Lindberg (10) showed that the 
O-acetylated ethyl 8-glycopyranosides of D-glucose and cellobiose are rearranged 
to the a-anomer by heating a solution in benzene with hydrogen bromide and 
mercuric bromide. In 1948, Lindberg (11) reported the anomerization of a 
number of O-acetylated alkyl 8-p-glucopyranosides in chloroform solution 
with boron trifluoride as catalyst. Recently, Reeves and Mazzeno (25) have 
used titanium tetrachloride to anomerize a variety of 8-D-glucopyranoside 
tetrabenzoates. 

In 1944, Montgomery et a/. (17) found that a solution of methyl a-p- 
arabinopyranoside triacetate in a mixture of 4% sulphuric acid in 7 :3 acetic 
anhydride — acetic acid changed in rotation from —19° to —114° in one 
minute and declined to an equilibrium value of —25° at the end of 20 min. 
When the experiment was interrupted at the rotation peak of —114°, a 14% 
yield of methyl! 8-D-arabinopyranoside triacetate was obtained. In more recent 
years, Lindberg has studied the polarimetric rates for the reactions of a variety 
of 8-D-glucosides (12, 18, 14), 6-D-galactosides (1), and 8-D-xylosides (2) in 
10 : 3 mixtures of acetic anhydride — acetic acid with sulphuric acid as catalyst. 
In most cases there was a rapid increase in rotation followed by a decrease to a 
constant value. The reaction products at maximum rotation gave ethyl, iso- 
propyl, and tertiary butyl a-D-glucopyranoside tetraacetates in 60, 70, and 
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30% yields, respectively (12), and ethyl a-p-galactopyranoside tetraacetate in 
55% yield (1). Thus, it was apparent that the initial rapid rise in rotation was 
related to the formation of the a-anomer. It is to be noted that Lemieux et al. 
(9) have shown that these polarimetric rates are complex expressions which 
are not susceptible to simple interpretation. For example, it was found (9) 
that although the change in rotation on the acetolysis of methyl 8-p-gluco- 
pyranoside tetraacetate did not clearly pass through a maximum, the a- 
glucoside content did pass through a maximum in 60% vield. Montgomery 
et al. (18) have observed that methyl a-p-glucopyranoside tetraacetate was 
formed when the §-anomer was treated with an excess of phenol which con- 
tained either zinc chloride or p-toluenesulphonic acid. 

It was apparent that the anomerization of acetylated alkyl glycosides pro- 
ceeds by way of an intramolecular mechanism since the only attractive alter- 
native mode of reaction was by way of intermediate carbonium ions and this 
was unlikely because of the presence in the environment of a large excess of 
nucleophilic substances when the reaction takes place under conditions for 
acetolysis or phenolysis. Lindberg (12) concluded that the reactions are 
intramolecular on the basis that he was able to isolate isopropyl a-D-gluco- 
pyranoside tetraacetate and ethyl a-p-cellobioside heptaacetate in 66 and 75% 
yields, respectively, on isomerizing a mixture of isopropyl 6-D-glucopyranoside 
tetraacetate and ethyl -p-cellobioside heptaacetate using titanium tetra- 
chloride in chloroform. However, considering the rather low yields obtained, 
this evidence was not compelling in the absence of information on the relative 
rates for the anomerization of the two 6-glycosides since it was possible that 
one of the anomerizations was substantially finished before the other was well 
under way. Unequivocal evidence appeared desirable since Lemieux and 
Brice (6) have found that stannic chloride rapidly dissociates 8-p-glucopyranose 
pentaacetate to acetate and carbonium ions during the process of bringing about 
anomerization. Obviously, a similar situation could be anticipated for the 
interaction of the related acetylated glycosides and titanium tetrachloride. 
We have now obtained unequivocal evidence that acetylated methyl gluco- 
pyranosides are not dissociated under conditions for anomerization and that 
the anomerization must therefore proceed by way of an intramolecular mech- 
anism. This was accomplished by anomerizing a racemic mixture of methyl 
8-glucopyranoside tetraacetate with the methoxyl group of the D-isomer 
labelled with carbon-14. Both boron trifluoride and titanium tetrachloride 
were used as catalysts. Analysis of the products by the method of isotopic 
dilution showed in both cases that all the radioactivity was in the methyl 
a-D-glucopyranoside tetraacetate portion. 

Lindberg (12) has proposed that the anomerizations proceed by way of a 
ring-opening-ring-closing mechanism. The ring-opening stage was considered 
to lead either to a carbonium ion or a dipolar ion depending on whether or not 
the acid catalyst was positively charged. As was indicated above, such a 
mechanism is unlikely in view of the ability of the anomerization to proceed 
under conditions for acetolysis or phenolysis. The present authors believe that 
a more plausible mechanism can be postulated based on the recent discovery 
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by Winstein and associates (27, 28) of ion-pair intermediates in a wide variety 
of rearrangements. 

The great ease with which an electronegative substituent (X) can be 
replaced from the a-carbon of an ether has long been recognized and has been 
attributed to the participation of the ether oxygen in the dissociation of the 
carbon to X bond which results in the formation of a resonance stabilized 
carbonium ion (I). Several investigators (4, 6, 12, 19, 23) have suggested the 
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occurrence of an intermediate carbonium ion of this type in replacements at 
the anomeric center of sugar derivatives. On this basis and the fact that, as 
pointed out by Winstein and Schreiber (28), the ion-pair phenomenon can in 
principle be present in all processes which involve neighboring group partici- 
pation, the anomerization of glycosides can be envisaged to proceed by way of 
either one of the two possible ion-pair intermediates represented by the for- 
mulas II and III. The postulation of the ion-pair (II) would be a refinement 
of the mechanism proposed by Lindberg (12). However, the present authors 
submit that the available evidence favors the ion-pair III. First of all, it is 
noteworthy that Hickinbottom (5) has shown 3,4,6-tri-O-acetyl-8-p-gluco- 
pyranosy! chloride to undergo anomerization as well as glucoside formation 
when dissolved in methanol. There can be no doubt that in this case the C1 to 
chlorine bond was the bond to be disrupted and the occurrence of anomerization 
in the presence of methanol precludes the presence of a solvated carbonium ion 
intermediate. Therefore, an ion-pair of the type depicted by structure III was 
most probably an intermediate for the reaction. Secondly, evidence for an 
intermediate of type III is provided by the effect of changes in the aglycon on 
the behavior of the compound under conditions for anomerization. The iso- 
topic dilution analysis for methyl a-D-glucopyranoside tetraacetate in the 
product from the anomerization of the 8-anomer which is described in the 
experimental portion of this paper shows that when titanium tetrachloride 
was used as catalyst, the yield of a-anomer was 76%. Reynolds (26) found 
that carboethoxymethyl 8-p-glucopyranoside tetraacetate is not anomerized 
when treated with titanium tetrachloride in chloroform but instead is con- 
verted to tetra-O-acetyl-a-D-glucopyranosy! chloride in high yield (75%). 
Pacsu (21) has shown that §-D-glucopyranose pentaacetate is converted to the 
latter compound by titanium tetrachloride. Lemieux and Brice (6) have shown 
that the first reaction product is tetra-O-acetyl-8-D-glucopyranosyl chloride. 
Unsuccessful attempts to anomerize pheny! 8-D-glucopyranoside tetraacetate 
are mentioned in the literature (15, 18). However, no experimental details 
were reported. We have found that pheny! 8-p-glucopyranoside tetraacetate is 
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much more resistant to change by titanium tetrachloride than is methyl 
8-D-glucopyranoside tetraacetate and has little, if any, tendency for anomeriza- 
tion. Thus, while the conversion of methyl 8-p-glucopyranoside tetraacetate to 
the a-anomer using an equimolar amount of titanium tetrachloride in boiling 
chloroform was complete within one hour, the much more drastic conditions 
of a threefold greater amount of titanium tetrachloride and six hour reaction 
time did not change more than 52% of phenyl 6-p-glucopyranoside tetra- 
acetate. When the product from the latter reaction was treated with silver 
acetate in acetic acid, little silver chloride was formed. This product, 60% yield 
by weight, specific rotation —5.9° in chloroform, was found by chromato- 
graphy to comprise at least 81% starting material and 8% a-b-glucopyranose 
pentaacetate. Therefore, little, if any, phenyl a-p-glucopyranoside tetra- 
acetate was formed. This result was not due to an unexpectedly high reactivity 
of the latter compound since under the same conditions for anomerization this 
substance was recovered in 95% yield. Reeves and Mazzeno (25) have recently 
shown that O-nitrophenyl 8-p-glucopyranoside tetrabenzoate is more prone 
to glycosidic cleavage than to anomerization by titanium tetrachloride by 
finding that the substance was converted to tetra-O-benzoyl-a-D-glucopyranosyl 
chloride in 44% yield. Lemieux et a/. (7) have recently shown that the ano- 
merization of 6-D-glucopyranose pentaacetate in a 0.5 M solution of sulphuric 
acid in 1 : 1 acetic acid — acetic anhydride mixture at 25°C. proceeds only toa 
very small extent by way of an intramolecular mechanism. On the other hand, 
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Lemieux et al. (9) have shown that under the same conditions methyl f-p- 
glucopyranoside tetraacetate passes into the a-form approximately four times 
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more rapidly than it is cleaved to form 8-D-glucopyranose pentaacetate. These 
experimental facts appear to be best rationalized by assuming that both 
anomerization and glycosidic cleavage result from an attack by the acid 
catalyst at the aglycon group. When the aglycon group is derived from an 
anion such as alkylate ion (IV) where charge localization is high, a large 
proportion of the interactions can reasonably be expected to lead to a fairly 
stable ion-pair of structure III which can collapse to the a-glycoside instead of 
leading to separated ions. On the other hand, it is reasonable that ion separation 
leading to glycosidic cleavage should be extensive when the anion of the ion- 
pair can dissipate the negative charge through resonance as in the case for the 
carboethoxymethylate (V), acetate (VI), and phenolate (VII) ions. 


EXPERIMENTAL 

Methyl B-D-Glucopyranoside Tetraacetate 

The substance was prepared labelled with carbon-14 in the methoxy! group 
by the procedure of Lemieux and Shyluk (8). 8-p-Glucopyranose pentaacetate 
(1.77 mM.) was added to 9 ml. of dry benzene which contained 1.8 mM. of 
stannic chloride and 1.77 mM. of radioactive methanol. The solution was kept 
at 40°C. for one hour and the reaction product was isolated in the usual way 
(8). The substance was pure, m.p. 104.5-105°C., after three crystallizations 
from methanol and when counted as barium carbonate at infinite thickness 
possessed a radioactivity of 98,000 counts per minute. 
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Methyl B-L-Glucopyranoside Tetraacetate 

L-Glucose, 1 gm., was converted to sirupy tetra-O-acetyl-L-glucopyranosy] 
bromide by the procedure of Barczai-Martos and Kérésy (3). The sirup was 
reacted with dry methanol, 30 ml., in presence of silver carbonate, 2 gm., at 
room temperature for 10 hr. The product was isolated in the usual manner and 
crystallized from 3 ml. of methanol to yield 1.06 gm. of crude methyl 6-L- 
glucopyranoside tetraacetate, m.p. 103—104.5°C. The substance was pure after 
three recrystallizations from methanol, m.p. 104.8-105.2°C., [a}?§+19.3 (c, 1 in 
chloroform). 


Methyl a-L-Glucopyranoside Tetraacetate 


Methyl] 8-L-glucopyranoside tetraacetate, 700 gm., was dissolved in 45 ml. 
of pure chloroform and the solution was saturated with dry boron trifluoride 
(11). The reaction mixture was allowed to stand at room temperature for 
24 hr. and was then poured into saturated aqueous sodium bicarbonate solu- 
tion and the product was isolated in the usual way. The substance, 350 
mgm., was pure after three recrystallizations from ethanol, m.p. 102-—102.5°C., 
[a]? — 130.5 (c, 1 in chloroform). 


Anomerization Catalyzed by Boron Trifluoride 

Methyl 6-D-glucopyranoside tetraacetate labelled in the methoxyl group 
with carbon-14, 11.04 mgm., 98,000 c.p.m., and non-radioactive methyl 
8-L-glucopyranoside tetraacetate, 9.98 mgm., were dissolved in 2 ml. of pure 
chloroform and the solution was saturated with boron trifluoride. After 24 hr. 
at room temperature, the reaction product was isolated in the usual manner 
(11). A sample of the sirupy product, 8.3 mgm., was mixed with 101 mgm. of 
pure methyl a-D-glucopyranoside tetraacetate for crystallization from ethanol. 
After six recrystallizations from ethanol, the substance melted at 101.5- 
102.5°C. and possessed a radioactivity of 3560 c.p.m. when counted as barium 
carbonate at infinite thickness. The radioactivity was unchanged, within 
experimental error, by further recrystallization. The radioactivity expected 
on the basis of an intramolecular mechanism and quantitative yield was 
3860 c.p.m. The product of the anomerization, 7.8 mgm., was mixed with 
99.5 mgm. of pure methyl] a-L-glucopyranoside tetraacetate for crystallization 
from ethanol. After seven recrystallizations the melting point was 102—102.5°C. 
and the radioactivity was insignificant, 6 c.p.m. 


Anomerization Catalyzed by Titanium Tetrachloride 


Methyl §-p-glucopyranoside tetraacetate labelled in the methoxyl group 
with carbon-14, 10.9 mgm., 98,000 c.p.m., was dissolved in 0.3 ml. of pure 
chloroform which contained an equal amount of non-radioactive L-isomer. The 
solution was mixed with 0.3 mgm. of 0.2 M titanium tetrachloride in chloro- 
form and the container was sealed for heating at 61°C. for five hours. The pro- 
duct was isolated in the usual way (21) and dissolved in 50 ml. of chloroform. 
The resulting solution was divided into two equal portions which were evapor- 
ated to yield two samples of dry sirupy product each weighing 11 mgm. One 
sample was diluted with 86.8 mgm. of non-radioactive methyl a-D-glucopyrano- 
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side tetraacetate for crystallization as described above in the anomerization 
using boron trifluoride. After seven recrystallizations, the material, m.p. 102- 
103°C., possessed a radioactivity of 4420 c.p.m. The radioactivity expected 
on the basis of an intramolecular mechanism and quantitative yield was 
5840 c.p.m. The other sample of reaction product was mixed with 85.9 mgm. 
of methyl a-L-glucopyranoside tetraacetate and the mixture was recrystallized 
six times from ethanol to yield material, m.p. 101.5—102.5°C., which possessed 
insignificant radioactivity, 16 c.p.m. 
Rate of Anomerization Catalyzed by Titanium Tetrachloride 

At zero time, equal amounts, 0.6 ml., of 0.2 M solutions of methyl 6-p- 
glucopyranoside tetraacetate and titanium tetrachloride in pure chloroform 
were mixed in glass tubes which were immediately sealed and placed in a water 
bath controlled at 61°C. After each of the various reaction times, a tube was 
placed in about 50 ml. of saturated aqueous bicarbonate solution contained in 
a stainless steel beaker and smashed with a heavy steel rod. The product was 
isolated by extraction with chloroform in the usual manner. The rotations of 
the product, measured in chloroform, were as follows: after 30 min. reaction 
time, +90°; 60 min., 112°; 90 min., 111°; 120 min., 113°. 
Attempt to Anomerize Phenyl 8-)-Glucopyranoside Tetraacetate 

Dry pheny! 8-p-glucopyranoside (8) tetraacetate, 424 mgm. (1 mM.) was 
added to a solution of 3 mM. of titanium tetrachloride in 10 ml. of pure chloro- 
form and the mixture was refluxed for three hours. The brown colored solution 
was added to ice-water mixture and the resulting mixture was extracted four 
times with chloroform. The chloroform extracts were washed once with sodium 
bicarbonate solution, then with water, dried, and evaporated to a sirup which 
possessed a strong odor of phenol. The product was dissolved in 10 ml. of dry 
acetic acid which contained silver acetate (1 mM.) and the mixture was 
shaken at 60°C. for one hour. There appeared to be little reaction. The silver 
salts were removed by filtration and the filtrate was added to water before 
extraction with chloroform. The washed and dried chloroform extract was 
evaporated to a crystalline residue, 252 mgm. yield (60% by weight), [alp 
—5.9° in chloroform. Chromatography on Magnesol—Celite (5 : 1) according 
to the procedure of McNeely ef a/. (16) afforded 204 mgm. of essentially pure 
starting material, m.p. 123-125°C. and 20 mgm. of a-D-glucopyranose penta- 
acetate which was identified by mixed melting point, infrared spectra, and 
rotation. 

When pheny! a-D-glucopyranoside tetraacetate (18), 424 mgm., was treated 
under the above conditions, the material was recovered in essentially pure 
condition, m.p. 110—112°C., [a]p+161° in chloroform in 95% yield. 
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THE SOLVOLYSIS OF THE ALPHA- AND BETA-3,4,6-TRI-O- 
ACETYL-p-GLUCOPYRANOSYL CHLORIDES'! 


By R. U. Lemieux? AND G. HUBER? 


ABSTRACT 


3,4,6-Tri-O-acetyl-8-p-glucopyranosy]! chloride was found to undergo solvolysis 
in acetic acid to form 1,3,4,6-tetra-O-acetyl-a-D-glucopyranose as the main 
reaction product. The much less reactive anomeric a-chloride also appeared to 
undergo solvolysis with extensive inversion of the anomeric center. It is sub- 
mitted that the tendencies for inversion obtained in these ionic reactions are due 
to the conformations imposed on the intermediate ions through distribution of 
the positive charge to the ring oxygen and the consequent introduction of 
double-bond character to the carbon-1 to ring-oxygen bond. 


INTRODUCTION 


It is now clear that the retention of configuration which is obtained in the 
replacement of the halogen atom of 1,2-trams-acetohalogenosugars (fully 
O-acetylated 1,2-trans-glycopyranosyl halides) by acetate is due to the partici- 
pation of the C2-acetoxy group in the dissociation of the C1 to halogen bond 
(9, 10, 11). The high degree of inversion which usually is obtained in reactions 
of 1,2-cis-acetohalogenosugars could of course be the result of an Sy2 displace- 
ment-type mechanism. Isbell and Frush (8) have rationalized the formation 
of methyl 8-p-glucopyranoside tetraacetate from a-acetobromoglucose in 
about 94% yield on this basis. This view has recently been challenged by 
Newth and Phillips (15) who suggested instead that these reactions proceed by 
way of carbonium ions with the positive charge distributed to the ring oxygen. 
Lindberg (14) had earlier produced kinetic evidence that the reaction of a- 
acetobromoglucose with water in acetone catalyzed by mercuric acetate was 
ionic in type. Chapman and Laird (5) have pointed out that some of the 
arguments used by Newth and Phillips are not acceptable and reported evidence 
that the reaction of 1,2-czs-acetohalogenosugars with amines usually is bi- 
molecular in poorly solvating media. The present authors have recently shown 
(13) that the reactions of both the a- and 8-3,4,6-tri-O-acetyl-p-glucosyl 
chlorides with acetic acid containing silver acetate proceed with inversion of 
the anomeric centers to a high degree. It was pointed out (13) that these 
results were in accordance with the idea that these reactions are of the Sy2 
type. According to Hassel and Ottar (7) the 8-chloride would be much less 
reactive than the a-anomer should these reactions in fact be of the Sy2 type. 
This investigation was undertaken to test this speculation made by Hassel 
and Ottar (7). However, the data obtained show that in all probability the 
reactions of the 3,4,6-tri-O-acetyl-D-glucosyl chlorides with acetic acid are of 
the Syl solvolytic type and that the 8-chloride is far more reactive than the 
a-anomer. 
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TABLE I 
POLARIMETRIC RATES FOR THE SOLVOLYSIS OF 3,4,6-TRI-O-ACETYL-8-D-GLUCOSYL CHLORIDE 
AT 20°C. 
Initial Observed rotation* 
Expt. Solvent concentration k X 10, min.—'} 
of the 6-chloride Initialf Final 

1 Acetic acid 0.025 M 0.486 2.263 65 + 5 

2 Acetic acid 0.05 M 1.024 4.460 63 + 1 

3 0.05 M potassium 0.025 M 0. 455 2.225 68 + 5 
acetate in 
acetic acid 

os 0.05 M potassium 0.05 M 0.995 4.560 69 + 3 
acetate in 
acetic acid 

5 7: lacetic acid— 0.025 M 0.486 2.285 49+3 
benzene (v/v) 

6 3: lL acetic acid- 0.025 M 0.547 2.265 36 +1 
benzene (v/v) 

7 0.05 M mercuric 0.025 =. 2.260 Too fast to 
acetate in measure 
acetic acid 





*2 dm. tube. 

{Determined by extrapolation. 

tCalculated using the expression k = (2.303/t)logl(ao — a,,)/(at — a,,)]. 

Table I summarizes the results of kinetic studies with 3,4,6-tri-O-acetyl-8-p- 
glucopyranosyl chloride (I). Experiments 1 and 2 show that the substance 
reacts rapidly when dissolved in acetic acid. The facts that the reaction 
product was strongly dextrorotatory, contained only a trace of chlorine, and 
afforded 1,3,4,6-tetra-O-acetyl-a-D-glucose in 72% crude yield show that the 
reaction proceeded to a large extent with inversion of the anomeric center. The 
results of experiments 3 and 4 show that the rate and stereochemical route of 
the reaction were unaffected by the presence of potassium acetate in the 
reaction mixture. Thus, it is clear that the rate of reaction is dependent only 
on the ionizing power of the solvent and therefore the reaction must be of the 
Syl solvolytic type. This conclusion is supported by the observation. (experi- 
ments 5 and 6) that rendering the solvent less polar by dilution with benzene 
resulted in a substantial decrease in rate of reaction. Therefore, when 3,4,6- 
tri-O-acetyl-8-D-glucosyl chloride is dissolved in acetic acid the chlorine atom 
is replaced by acetate by way of an intermediate carbonium ion with a strong 
tendency for inversion of the anomeric center. 

In contrast to the $-anomer, 3,4,6-tri-O-acetyl-a-D-glucosyl chloride (II) 
was too unreactive to allow the measurement of its rate of reaction in acetic 
acid. A comparison of the result of experiment 1 of Table II with that of 
experiment 2 of Table I shows that the a-chloride (II) is about 100 times less 
reactive than the 6-anomer (I). In order to obtain convenient reaction rates in 
homogeneous solution, the Lewis acid mercuric acetate was used to catalyze 
the reaction. A comparison of the results of experiments 3 and 4 of Table II 
shows that the addition of benzene to the reaction mixture lowered the reaction 
rate by an extent comparable to that observed for the 8-chloride. This observa- 
tion cannot be taken as compelling evidence for an Syl mechanism. Never- 
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TABLE II 
POLARIMETRIC RATES FOR THE SOLVOLYSIS OF 3,4,6-TRI-O-ACETYL-a-D-GLUCOSYL CHLORIDE 
AT 20°C. 
Initial Observed rotation* 
Expt. Solvent concentration k X 104, min.—!$ 
of a-chloride Initialt Final 
1 0.05 M potassium 0.05 M 3.813 1.6004 0.69+0.11 
acetate in 
acetic acid 
2 0.05 M mercuric 0.05 M 3.999 1.600 2020 + 50 
acetate in 
acetic acid 
3 0.05 M mercuric 0.025 M 2.119 0.800 3310 + 180 
acetate in 
acetic acid 
4 0.05 M mercuric 0.025 M 2.095 0.806 2490 + 180 
acetate in 3:1 
acetic acid — 


benzene (v/v) 





* t,tSee footnote for Table I. 
"The final rotation observed in experiment 2. 


theless, the fact that it leads to the same conclusion as was reached by Lind- 
berg (14) and Newth and Phillips (15) in kinetic studies with a-acetobromo- 
glucose in solvating media leaves little doubt that the reaction proceeds by way 
of an intermediate carbonium ion. The polarimetric data listed in Table II 
and the fact that 1,3,4,6-tetra-O-acetyl-8-p-glucose could be isolated from 
the product in 72% crude yield show clearly that the reaction proceeds with a 
high degree of inversion at the anomeric center. Therefore, it can be concluded 
that like its B-anomer 3,4,6-tri-O-acetyl-a-D-glucosy! chloride undergoes solvo- 
lysis with extensive inversion at the anomeric center. 

The fact that the reactions of the chlorides (I and II) proceed mainly with 
inversion shows the reactions to be essentially free of neighbor group participa- 
tion. The ability of the reactions to proceed readily by way of ionic mechanisms 
must therefore be related to stabilization of the carbonium ion by interaction 
with the ring-oxygen atom (5, 15). The fact that this interaction must introduce 
double-bond character to the lactol carbon to ring-oxygen bond renders possible 
an interesting rationalization of the results which in turn gains support from a 
stereodynamic standpoint. The ability of an Syl reaction to proceed with a 
high degree of inversion must be related to the conformation of the carbonium 
ion. The introduction of double-bond character to the C1 to ring-oxygen bond 
renders possible two fairly rigid carbonium ions (III and IV) which differ 
only in conformation as has been suggested for cyclohexene (1). The orienta- 
tions of the substituents in these ions are such that it can be reasonably 
expected that ion III prefers to accept an anion on the a-side of the ring and 
that ion IV is more open to attack on the §-side of the ring. Thus, the stereo- 
chemical routes followed in the solvolyses of the chlorides can be rationalized 
on the assumption that the 8-anomer (I) dissociates to the ion III while the 
a-anomer yields the ion IV. This assumption is supported by the fact that 
these reaction routes are those to be expected on the basis of the stereochemical 
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requirements for elimination established by Barton and Miller (3). Thus, the 
preferred conformation for dissociation of the 6-chloride (1) would be as shown 
where the ring-oxygen atom has a p-orbital in the same plane as the chlorine 
atom. This postulation appears particularly attractive when it is considered 
that it allows rationalization of the higher reactivity of the 8-chloride (1) over 
the a-anomer (II) on the basis that the presence of the C3-acetoxy group, 
CH.,0Ac group, and chlorine atom in axial orientation (2) can be expected to 
result in steric assistance to dissociation. That is, it appears likely that the 
achievement of the conformation I by the 6-chloride through kinetic distur- 
bance should result in considerable steric pressure by the C3-acetoxy and 
CH,OAc groups on the chlorine atom and thus aid in its dissociation. Hassel 
and Ottar (7) have discussed the steric interaction which can be expected (4) 
between opposing groups in axial orientation in the sugar molecules. The 
postulate also appears attractive for the reason that the dissociation of I to 
ion III involves much less reorientation of the pyranose ring than the conver- 
sion of I to ion IV and as seen above ion III appears necessary to explain the 
stereochemical route of the reaction. The a-chloride (II) can be expected for 
similar reasons to react in the conformation shown to form the ion IV. The 
implication of these ideas on the mechanism of the anomerization of derivatives 
of glucose is dealt with in another communication (12). 

Lemieux (9) has suggested that the high difference in reactivity which exists 
for the anomeric D-glucopyranose pentaacetates (which can be as great as 
450 (10)) and the acetochloroglucoses (9, 10) is due mainly to anchimeric 
assistance to dissociation by the C2-acetoxy group in the case of the more 
reactive 1,2-trans-8-anomer. The facts that the 6-chloride (I) is about 100 
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times more reactive than the a-chloride (II) and that the reaction was clearly 
free of neighboring group participation require that this idea be qualified. 
Nevertheless, the facts that inversion can be expected in the absence of 
participation of the C2-substituent and that the reactions of 8-glucopyranose 
pentaacetate and f-acetochloroglucose proceed with very high degree of 
retention of configuration show clearly that C2-acetoxy group participation is 
extensive and must therefore provide an important driving force for the dis- 
sociation (16). This conclusion is strongly supported by the fact that 1,2-cis-- 
mannopyranose pentaacetate is less reactive than the 1,2-trams-a-anomer in 
spite of the fact that the latter compound is the more stable substance (11). 
It is of definite interest to note that the higher reactivity of the 8-chloride (I) 
over the a-chloride (II) is probably due to steric considerations which resemble 
those responsible for the higher reactivity of 6-mannopyranose pentaacetate 
over a-glucopyranose pentaacetate (11). Winstein and Roberts (17) have 
pointed out that dissociation with participation of a neighboring acetoxy group 
probably requires an axial—axial orientation as shown in formula V for f-pD- 
acetochloroglucose. This consideration lends considerable weight to the idea 
that the 6-chloride (I) undergoes dissociation in the conformation shown. 


OAc 





In contrast to reactions in acetic acid, the reactions of the glucosyl chlorides 
I and II with silver acetate in dry ether led to extensive racemization of the 
anomeric center. Gakhokidze (6) has reported the preparation of 1,3,4,6- 
tetra-O-acetyl-8-p-glucose by reaction of the @-chloride (I) under these con- 
ditions. We have now shown by isotopic dilution analysis that the product 
contains 43.3% of the 1,3,4,6-tetra-O-acetyl-a-p-glucose. Reaction of the 
a-chloride II gave only a 44.6% yield of the Walden inversion product. These 
results are in accordance with expectation for an ionic reaction under these 
reaction conditions since solvation of the carbonium ion by ether (8) would 
lead to an equilibrium mixture of the various possible conformations for the 
carbonium ion. 


EXPERIMENTAL 


Methods 
The kinetic studies and the determinations of radioactivity were carried 
out as previously described (10, 11). Each experiment was done in duplicate. 
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Isolation and Analysis of Reaction Products 


Table I, experiment 2—the solvent was removed in vacuo and the residue 
was crystallized from ether to give a 72% yield of crude 1,3,4,6-tetra-O-acetyl- 
a-D-glucose, m.p. 88-92°C. The melting point after one recrystallization, 
96—98°C., was not depressed by the pure a-tetraacetate, m.p. 97—98°C. (13). 

Table I, experiment 7—hydrogen sulphide was passed into the reaction mix- 
ture to precipitate mercuric sulphide and the filtrate was evaporated im vacuo 
to a sirup which was monochloroacetylated as previously described (13). The 
product was crystallized from ethanol to give a 90% yield of crude 2-0- 
monochloroacetyl-a-D-glucopyranose tetraacetate (13), m.p. 130—136°C., 
[alo +96° (chloroform). The substance was characterized by mixed melting 
point determination after purification. 

The products from experiments 5 and 6 of Table I contained about 0.4% 
chlorine. Therefore, the reactions were essentially free of anomerization of the 
B-chloride (13). 

Table II, experiment 2—hydrogen sulphide was used to precipitate mercuric 
sulphide and concentration of the filtrate im vacuo gave a sirup which was 
crystallized from ethanol. The yield was 72% of a substance, m.p. 132-135°C., 
whose melting point was not depressed by 1,3,4,6-tetra-O-acetyl-8-p-gluco- 
pyranose (13), m.p. 137-138°C. 

The 3,4,6-tri-O-acetyl-p-glucosyl chloride, 1 mM., was shaken with 2 mM. 
silver acetate in 10 ml. dry ether for 16 hr. The product, isolated in the usual 
manner, was diluted with a known amount of radioactive 1,3,4,6-tetra-O- 
acetyl-p-glucose (13) of known radioactivity for isotopic dilution analysis. 
Starting with the 6-chloride (I), the a-tetraacetate was isolated by crystalliza- 
tion and from the radioactivity it could be calculated that it comprised 43.3% 
of the reaction product. The reaction product from the a-chloride (II), was 
shown to contain 44.6% §-tetraacetate using this procedure. 
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THE EFFECT OF CHLORINE SUBSTITUTIONS AT THE 
C,-ACETOXY GROUP ON SOME PROPERTIES OF THE 
GLUCOSE PENTAACETATES! 


By R. U. Lemieux,? CAROL BRICE, AND G. HUBER? 


ABSTRACT 


The effects were studied of substituting one, two, and three chlorine atoms at 
the C2-acetoxy group of the a- and 6-D-glucopyranose pentaacetates on the rates 
both of anomerization and of dissociation of the C1 to acetoxy group bond in 1:1 
acetic acid — acetic anhydride 0.5 M with respect to sulphuric acid at 25°C. 
In the case of the a-anomers, the rates of anomerization appeared about equal 
to the rates of dissociation as measured by isotopic exchange. The 8-anomers 
dissociated more rapidly than they underwent anomerization. The difference in 
rate decreased rapidly, however, with the introduction of chlorine atoms indi- 
cating that the tendency for C2-acyl group participation in the dissociation is 
reduced by the chlorine substitutions. Evidence was obtained that only a very 
small fraction, if any, of the Cl-acetoxy group of 8-glucose pentaacetate passes 
into the a-anomer without becoming completely dissociated. It is pointed out 
that the data for the anomerizations can be rationalized on the basis of ionic 
mechanisms, if specific conformations are allocated to the intermediate car- 
bonium ions. 


INTRODUCTION 


The high reactivity of 8-p-glucopyranose pentaacetate as compared to the 
a-anomer in undergoing dissociation of the Cl to acetoxy group bond through 
the agency of acid catalysts has been demonstrated under the following 
conditions: mercaptolysis using zinc chloride in ethyl mercaptan (4), exchange 
of acetate with stannic trichloride acetate in chloroform (5), replacement by 
chlorine using titanium tetrachloride in chloroform (5), methanolysis using 
stannic chloride as catalyst in either benzene or chloroform (9), and phenolysis 
using toluene sulphonic acid as catalyst (14, 18). Lemieux (4) has pointed out 
that the high reactivity of the 1,2-trans-8-anomer is in all probability related to 
participation of the C2-acetoxy group in the dissociation. Direct evidence for 
the participation was recently obtained through the preparation of methyl 
1,2-ortho-O-acetyl-a-D-glucopyranose triacetate by reacting tetra-O-acetyl-8- 
D-glucopyranosy! chloride with methanol in the presence of silver carbonate 
(6). 

It was now of interest to study the effect of varying substituents at the C2- 
position on the dissociation of the Cl to acetoxy group bond. The anomeric 
monochloroacetyl, dichloroacetyl, and trichloroacetyl derivatives of the 
1,3,4,6-tetra-O-acetyl-D-glucopyranoses (7) were chosen for this purpose since 
the C2-substituents in these compounds vary widely in electronegativity. 
A study was made of the behavior of these substances under the conditions for 
anomerization using 0.5 M sulphuric acid in 1 : 1 acetic acid — acetic anhydride 

1Manuscript received September 7, 1954. 

Contribution from the National Research Council of Canada, Prairie Regional Laboratory, 
Saskatoon, Saskatchewan. Issued as ry 4 No. 175 on the Uses of Plant Products and as N.R.C. 
No. 8461. Presented in part before the Division of Carbohydrate Chemistry at the 125th Meeting 
of the American Chemical Society, Kansas City, Missouri, March 24, 1954. 


2Present address: Department of Chemistry, University of Ottawa, Ottawa, Ontario. 
3 National Research Council of Canada Postdoctorate Fellow. 
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since Bonner (1) has shown these conditions to affect only the anomeric center 
and to be particularly well-suited for kinetic measurements. Painter (17) has 
also very recently made an extensive kinetic study of the behavior of the glu- 
cose pentaacetates in acetic acid — acetic anhydride mixtures which contained 
sulphuric acid. 

The evidence, based mainly on qualitative infrared spectra (1), that ano- 
merization of the glucose pentaacetates under these conditions leads to a 
product which contains only the a- and 8-pentaacetates was substantiated by 
isotopic dilution analysis. The analytical results, listed in Table I, showed a 
composition for the equilibrium mixture which was in good agreement with the 
composition expected from its rotation. Bonner (1) has reported the equili- 
brium mixture to contain about 83% a- and 17% 8-anomer. This conclusion 
was based on the rotation of the equilibrium product measured in chloroform. 
On the other hand, Painter (17) calculated the point of equilibrium from the 
kinetic data and concluded that the equilibrium mixture contains 87% a- and 
13% 8-anomer. We have substantiated both of these conclusions (see Table 1) 


TABLE I 


ANALYSIS OF THE REACTION MIXTURE AT VARIOUS TIMES DURING THE ANOMERIZATION OF 
PENTA-O-ACETYL-8-D-GLUCOPYRA NOSE 
The anomerizations were carried out in 1:1 acetic acid-acetic anhydride 0.5M with 
respect to sulphuric acid at 25°C. 








Reaction mixture Reaction product 





% B-anomer % B-anomer 











f a* 25 
(min.) lap It Isotopict 
Calc. from Calc. from dilution 
rotation rotation analysis 
2 —_— _ 9.12 94.6 94 
10 2.61 74.3 27.6 75.6 72 
20 4.00 57.5 44.3 58.6 56 
210 7.65 14.3 84.8 7. 17§ 





*The rotation for the B-anomer (at zero time) was estimated to be +0.49°. In a separate experi- 
ment, the rotation of the a-anomer was estimated to be +8.76°. 

t+ Measured in chloroform under the conditions where the specific rotation of the B-anomer is 
+38.8° and that of the a-anomer is +101.6°. 

tAverage of two analyses. 

§By difference from the content of a-anomer. 


but cannot explain the discrepancy. Since it is possible that the composition 
of the equilibrium product is altered during the isolation, Painter’s method 
for obtaining the point of equilibrium was used in the present work. 

Table I lists the results of isotopic dilution analyses performed on reaction 
products isolated at a variety of times during the course of reaction before 
equilibrium was achieved. These results establish that the anomerizations do 
not proceed by way of isolable intermediates. 

Lemieux and Brice (5) have shown that 6-glucose pentaacetate is disso- 
ciated by stannic chloride in chloroform solution much more rapidly than it is 
converted to the a-anomer. The same situation was to be expected under the 
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present conditions of acetolysis. In order to measure the rates of dissociation 
under the present conditions, all but one of the compounds used in these 
studies (i.e., compounds Ia, Id, Ic, Id, Ila, 11d, ld) were prepared labelled with 
carbon-14 in the carbonyl] group of the Cl-acetoxy group and the rates at which 
the substances lost radioactivity by exchange of the Cl-acetoxy group with 





CH:0Ac saat 
Sf ON OAc 
wes Ji OAc » 
AcO aa Po aa OAc* 
| iy 
OC—R b —R 
Ia, R = CH; IIa, R = CH; 
Ib, R = CH,Cl IIb, R = CH;Cl 
Ic, R = CHCl, IIc, R = CHCl, 
Id, R = CCl; IId, R = CCl; 


acetoxy groups from the environment were determined. The loss of radio- 
activity may of course have been brought about in two ways: 
(a) by exchange of acetyl groups as acetyl carbonium ion, 

Nt ~*~, r 

CHO! Ac* + Aco ——— > CHOAc + AcO(™, 

| c/ 
and, 
(6) by exchange of acetoxy groups as acetate ion, 


~~ ~ 


CH | OAc* + Aco) ———> 
a Cc” 


There can be no doubt that the environment can serve as a source of either 
acetyl carbonium ions or acetate ions. Although direct evidence for the relative 
importance of the two routes is at present not available, the behavior of the 
glucose pentaacetates under the variety of reaction conditions listed above 
clearly demonstrates the C1 to acetoxy group bond to be the most acid-labile 
linkage in these compounds. Furthermore, the results obtained in the present 
study can be clearly rationalized only on the assumption of exchange by way 
of Cl to acetoxy group bond cleavage. Therefore, it is considered completely 
safe to conclude that the only important route for exchange was that which 
involved acetoxy groups. 

The Cl-acetoxy group-labelled 8-p-glucose pentaacetate was subjected to 
anomerization at 25°C. in 1:1 acetic acid—acetic anhydride 0.5 M with 
respect to sulphuric acid. The reaction was stopped after 3, 5, and 10 min., 
the D-glucose pentaacetates were separated by chromatography on Magnesol- 
Celite (5:1) (12) and their radioactivities were determined. The results are 
listed in Table II. It is seen that as expected (5) the 6-pentaacetate underwent 
exchange much more rapidly than it underwent anomerization. The radio- 
activity found in the a-anomer will be considered later on. 


CHOAc + Aco, 
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TABLE II 


RATE OF DISSOCIATION OF THE Cl TO ACETOXY GROUP BOND OF 8-D-GLUCOSE PENTAACETATE 
_ AS MEASURED BY EXCHANGE 
The reaction conditions were those reported in Table I 








Reaction mixture 





























Radioactivity, k, min. 
Time, Composition, % c.p.m. for 
(min.) f8-anomer 
8-anomer a-anomer 8B-anomer  a-anomer 
0 100 0 11,800 _— 
3 92.3 » 3500 280 0.41 
5 87.6 12.4 1440 146 0.43 
10 7.2 22.8 276 75 0.40 
20 hr. (©) 68 0.41 (average) 
T T T rey T T 
é 
1.8 . +f 
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Fic. 1. Rate of exchange of the Cl-acetoxy group of 8-D-glucose derivatives in 1 : 1 acetic 
acid — acetic anhydride 0.5 M with respect to sulphuric acid at 25°C. 

Curve 1—8-p-Glucopyranose pentaacetate. 

Curve 2—2-0-Monochloroacetyl-8-D-glucopyranose tetraacetate. 

Curve 3—2-0-Dichloroacetyl-8-D-glucopyranose tetraacetate. 

Curve 4—2-0-Trichloroacetyl-8-p-glucopyranose tetraacetate. 
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Fic. 2. Rate of exchange of the Cl-acetoxy group of a-D-glucose derivatives in 1 : 1 acetic 
acid — acetic anhydride 0.5 M with respect to sulphuric acid at 25°C. 

Curve 1—a-p-Glucopyranose pentaacetate. 

Curve 2—2-0-Monochloroacetyl-a-D-glucopyranose tetraacetate. 

Curve 3—2-0-Trichloroacetyl-a-D-glucopyranose tetraacetate. 


The fact that a sufficiently accurate value for the velocity constant for the 
exchange of the 6-anomer can be obtained simply by determining the radio- 
activity of the reaction product after various periods of time is shown by the 
data listed in Table III. It is seen that this procedure yields a value of 0.46 
min.—! for the velocity constant instead of the value of 0.41 min.—! given in 
Table II. The velocity constants given in Table III are all based on the radio- 
activity of the isolated reaction products. The plots in Figs. 1 and 2 illustrate 
the reproducibility of the experimental data from which these constants were 
calculated. 

The data in Table III show that 6-p-glucose pentaacetate undergoes ex- 
change about 80 times more rapidly than the a-anomer. This result is consistent 
with the conclusions previously reached (4, 5) regarding the relative reactivities 
of these substances. Electronic theory would predict that the introduction of 
chlorine atoms at the C2-acetoxy groups of the glucose pentaacetates would 
affect strongly the ease for dissociation of the Cl to acetoxy group bond. 
Lemieux (4) has pointed out that there should be a strong direct effect in the 
case of the 8-anomer due to reduction in the nucleophilic properties of the 
carbonyl oxygen of the C2-acetoxy group which would be brought about by 
each successive substitution of chlorine atoms. Thus, the chlorine substitutions 
should result in a decreasing tendency for participation in the dissociation and, 
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TABLE III 


RATES OF DISSOCIATION OF Cl TO ACETOXY GROUP BOND OF D-GLUCOSE DERIVATIVES AS 
MEASURED BY EXCHANGE ” 
The reaction conditions were those reported in Table I 











2-0-Acy] derivative of k X 104,* 
1,3,4,6-tetraacetylglucose min. 
Ia, B-acetyl 4600 +160 
Ila, a-acetyl 55.7 +6.1 
Ib, 8-monochloroacetyl 498 +72 
IIb, a-monochloroacetyl 18.8 +1.4 
Ic, §-dichloroacetyl 46.0 +6.3 
Id, §8-trichloroacetyl 12.0 +1.1 
IId, a-trichloroacetyl 1.10 +0.04 





*The standard deviations are from the average of five 
determinations. 
since the participation is the source of strong activation, a strong decrease in 
reactivity. That this is in fact the case is clear from the fact that the introduc- 
tion of three chlorine atoms brought about a 390-fold reduction in reactivity. 
This should be compared to the case for the a-anomer where the introduction 
of three chlorine atoms brought about only a 50-fold reduction in reactivity. 
Here, the effect of the chlorine substituents on the dissociation must be exerted 
indirectly by induction transmitted via the C2-carbon atom. The introduction 
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LOG DISSOCIATION CONSTANT 


Fic. 3. Plots of log velocity constants (see Tables III and IV) against log dissociation 
constant for the acid derived from the C2-substituent of an acylated 1,3,4,6-tetra-O-acetyl-D- 
glucose. The dissociation constants are those published by Mason and Kilpatrick (13). 

Curve 1—Dissociation of the Cl-acetoxy group of 8-D-glucose derivatives. 

Curve 2—Anomerization of the 8-D-glucose derivatives. 

Curve 3—Dissociation and anomerization of a-D-glucose derivatives. 
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of chlorine atoms at the C2-acetoxy groups of the glucose pentaacetates of 
course adds greatly to the bulk of these groups. Consequently, it might be 
expected that these alterations would greatly affect the steric picture. The 
logarithms of the velocity constants for the exchange reactions are plotted in 
Fig. 3 against the logarithms of the dissociation constants for the acids present 
as esters at the C2-position. It is seen that the deviation from Hammett’s 
linear free energy relationship (2) is not great. Consequently, it is apparent 
that in both series of compounds the steric requirements for reaction were not 
seriously affected by the introduction of chlorine atoms. Further support for 
this conclusion is given later on. 

The results of polarimetric rate studies on the anomerization of the glucose 
derivatives (Ia—Id and IIa—IId) are listed in Table IV. The plots in Fig. 4 are 


TABLE IV 


RATES OF ANOMERIZATION 
POLARIMETRIC DATA FOR THE ANOMERIZATION OF GLUCOSE DERIVATIVES IN 1:1 ACETIC 
ACID — ACETIC ANHYDRIDE 0.5 M WITH RESPECT TO SULPHURIC ACID AT 25°C. 








2-O-Acy! derivative 





of 1,3,4,6-tetra-O- Initial Equilibrium Equilibrium kasgtkgsa kavpX 104, kpsaX 104, 
acetyl-p-glucose* rotationt rotation constant X 104,min.—§ min.— min.-! 
Ia, §-acetyl 0. 295° 3. 83° on 349 +8 43 306 
Ila, a-acetyl 4.325 3.83 327415 40 287 
1b, 8-monochloroacety! 0.575 3.96 — 11444 15 99 
IIb, a-monochloroacetyl 4.475 3.96 12145 16 105 
Ic, §-dichloroacetyl 0.824 4.06 ot 23.2+1.5 2.5 20.7 
IIc, a-dichloroacetyl 4.454 4.06 22.6+1.5 2.5 20.1 
Id, §-trichloroacetyl 0.811 4.10 e100 8.7+0.2 1.2 7.5 
IId, a-trichloroacetyl 4.605 _ 8.7+0.8 1.2 7.5 





*The starting material used for the measurements. 

tThe value obtained by graphical extrapolation. 

{The value calculated from the initial and equilibrium rotations. 

§These values are the average of the values dieinad in two separate runs. 


illustrative of the data from which the content of Table III was calculated. A 
consideration of the results shows that the point of equilibrium was affected 
only slightly by introducing chlorine atoms in the C2-acetoxy group of the 
glucose pentaacetates. Consequently, the velocity constants for the forward 
and reverse reactions were affected about equally by each successive substitu- 
tion. This comprises strong evidence that the substitutional changes affected 
the rates of anomerization mainly through electronic phenomena and that the 
increase in the size of the group through substitution of chlorine for hydrogen 
had a relatively small effect. This conclusion should be compared with the 
views recently expressed by Newth and Phillips (15) who contended that the 
trichloroacetyl group in 2-O-trichloroacetyl-8-D-glucopyranosy! chloride exerts 
a strong shielding effect on the Cl-chlorine atom. 

It seems clear (10, 11) that acetylated alkyl glycopyranosides undergo 
anomerization under conditions for acetolysis by way of an intramolecular 
mechanism. Lemieux et al. (10) have studied the anomerization of methyl 
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Fic. 4. Rates of anomerization of glucose derivatives determined polarimetrically in 1:1 
acetic acid — acetic anhydride 0.5 M with respect to sulphuric acid at 25°C. 

(O and @ signify that the points of equilibrium were approached from the 6- and a-anomers, 
respectively) 

Curve 1—p-Glucopyranose pentaacetates. 

Curve 2—2-0-Monochloroacetyl-D-glucopyranose tetraacetates. 

Curve 3—2-0-Dichloroacetyl-D-glucopyranose tetraacetates. 

Curve 4—2-0-Trichloroacetyl-D-glucopyranose tetraacetates. 


B-b-glucopyranoside tetraacetate under the conditions used herein for the . 


anomerization of the glucopyranose pentaacetates. Since it must be expected 
that the anomerization of 8-D-glucopyranose pentaacetate would have a 
tendency to follow the same path as the anomerization of methyl 8-p-gluco- 
pyranoside tetraacetate, any consideration of the mechanism of the latter 
reaction must first deal with the possibility that the reaction proceeds by way 
of an intramolecular mechanism. 

C1-Acetoxy-group-labelled §-p-glucopyranose pentaacetate was subjected 
to anomerization and the a-anomer which had formed after various intervals 
of time was isolated by chromatography and its radioactivity was determined. 
The data which were obtained are listed in Table II. It is seen that the a- 
anomer appeared to gain radioactivity directly from the 8-anomer since the 
initially formed a-anomer was more radioactive than samples isolated later on. 
It is possible that this result was due to the presence of a small amount (about 
0.2%) of radioactive a-compound in the starting material. However, it is 
considered more probable that the result indicates the occurrence of intra- 
molecular anomerization. It was found that the extent of the intramolecular 
route, if in fact present, was very small by comparing the experimental values 
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shown in Table I] with those expected from calculations based on the assump- 
tion that anomerization occurred entirely by way of an intramolecular mechan- 
ism. The calculations were based on the following scheme where &; is the 
velocity constant for dissociation of the 8-anomer (ks of Table III), ke = Resa, 
and k3 = k,.,3. The reconversion of radioactive a-form to radioactive 8-form 


ky ko 


Y 











A 


8 
A k; 


need not be considered since this would merely raise our calculated values for 
the radioactivity of the a-form at any given time by a negligible amount. The 
rate of formation of a* can be expressed as, 
d[a*|/dt = —d[8*)]/dt —d[p]/dt. 
Since the rate of disappearance of 8* is expressed by 
(1) —d{g*}/dt = (ki+k:) [8*] 
and the rate of formation of 8 is given by 
d[g\/dt = k,[8*)+k,[a*}], 
then 
d{a*|/dt = k.[8*]—k3[a*]. 
Integration of equation [1] yields 


(B*] as ree, 


Therefore, 
d[a*]/dt = [B*]o kee *** — ksla*]. 


Integration of this linear differential equation using the integrating factor 
R= exp f k; dt yields the expression, 


* * ko —(kitks)t —kat 
= me (g —e 

Cae [8 a Oe ay ); 
from which the concentration of a-anomer, [a*],, which was formed from 
radioactive 8-anomer after any given time ¢ can be calculated. The concentra- 
tion of a-anomer, [a*]+ [a], at any given time can be calculated from the inte- 
grated expression for reversible first-order reactions, 


[a*] y* [a] = [8 Jo i : i, (1 ” gre, 


Therefore, the radioactivity of a-anomer, C,, isolated at time ¢ would be, 
C, = Cofa*],/([a*]+[a]), 
where Cp is the original radioactivity of the 8-anomer. The calculated values 
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for c, after 3, 5, and 10 min. are given in Table V. A comparison of these 
results with the values actually obtained which are-listed in Table I] shows 
clearly that intramolecular anomerization is an unimportant reaction route. 


TABLE V 


DATA EXPECTED ON THE BASIS OF AN INTRAMOLECULAR MECHANISM 
FOR THE ANOMERIZATION OF 8-D-GLUCOSE PENTAACETATE 
Compare these data with the experimental values given in Table II 








Calculated radioactivity, 








c.p.m. 
Time, (min.) 
8-Anomer a-Anomer 
0 11,800 
3 2985 6490 
5 1180 4720 
10 118 2714 
co 66 66 





Bonner (1) has proposed a mechanism for the anomerization under the 
présent reaction conditions which would involve a cyclic six-membered inter- 
mediate formed between the sugar acetate and a carbonium ion derived from 
acetic anhydride. Examination of the data in Tables III and 1V shows that 
within experimental error* the velocity constants for anomerization of an 
a-anomer (compounds Ila, IIb, and IId) are equal in value to the velocity 
constants for exchange. This situation is required by Bonner’s mechanism or 
any other Sy2 type mechanism which can be formulated. However, Painter 
(17) has recently published the results of an extensive kinetic study of the 
anomerization of the D-glucopyranose pentaacetates in mixtures of acetic 
acid — acetic anhydride catalyzed both by sulphuric acid and by perchloric 
acid and concluded from a consideration of the results that the anomerizations 
proceed by way of sugar acetate carbonium ions. Our present evidence that the 
rate of anomerization for the a-form was essentially equal to that of dissoci- 
ation of the Cl to acetoxy group bond might appear to contradict this con- 
clusion. However, Lemieux and Huber (8) have obtained evidence that other 
similar reactions of derivatives of D-glucopyranose proceed by way of car- 
bonium ions with extensive inversion of the anomeric center. This result was 
rationalized on the basis of the assumption that the double-bond character 
introduced at the C1 to ring-oxygen bond imposed a conformation on the ion 
which rendered the ion more likely to form the inverted product. 

We submit that the following mechanisms for the anomerization of the 
b-glucopyranose pentaacetates is an attractive rationalization of the experi- 
mental data thus far obtained. First of all, as was seen above, intramolecular 
anomerization is undoubtedly unimportant for the beta to alpha transformation. 
As it was indicated above, the data for the a/pha to beta anomerization can be 
rationalized by assuming that the a-pentaacetate (V) dissociates to the 


*The experimental error is rather large. For example, if Bonner's value for the equilibrium 
constant for the anomerization of the glucose pentaacetates is used to calculate the velocity constants, 
the value of kq_,g becomes 0.0056 min. instead of 0.0042 min. as listed in Table I]. 
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carbonium ion (V1) which by virtue of its conformation tends to form the 
8-pentaacetate (III) on interaction with the environment. The beta to alpha 
transformation can be assumed to proceed by way of the carbonium ion (IV) 
which because of its conformation can be expected (8) to preferentially form 
the a-pentaacetate. However, as it was seen above the present data show clearly 
that the 8-anomer (II]) is rapidly dissociated to the 1,2-a-cyclic carbonium 
ion (VII). Since direct replacements with retention of configuration are not 
known, the a-pentaacetate cannot be expected to be formed by direct inter- 
action of this ion with the environment. However, the discovery by Hurd and 
Holvsz (3) that the 1,2-cyclic ketals are formed in the reaction of tetra-O- 
acetyl-a-pb-glucopyranosy!l bromide with dialkyl cadmium shows that the 
1,2-a-cyclic carbonium ion (VII) can be formed from other carbonium ions. 
Since the reverse must be expected, the anomerization must follow to some 
extent the route III ~VII—IV—V. The relative importance of these 


Qac 
CH,OAc 





yah 


VII 


theoretically plausible routes for the beta to alpha conversion cannot be 
assessed. Lemieux and Brice (5) have proposed similar reaction routes for the 
anomerization of 8-glucopyranose pentaacetate in chloroform catalyzed by 
stannic chloride. It was pointed out that the rearrangement of the 1,2-a-cyclic 
ion (VII) to the 1,6-8-cyclic ion (VIII) is a further stereochemically possible 
step for the reaction. 

In summary, evidence was obtained to show that the substitution of chlorine 
atoms at the C2-acetoxy group of 8-D-glucopyranose pentaacetate greatly 
reduces the tendency for this group to participate in dissociation of the C1 to 
acetoxy group bond. Thus, the fact that the velocity constants for dissociation 
were 15, 5, and 1.5 times that for 8 — @ anomerization when the C2-sub- 
stituent was acetoxy, monochloroacetoxy, and trichloroacetoxy, respectively, 
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renders clear the reason why #-D-acetochloroglucose and 2-O-trichloroacetyl- 
8-D-glucosy! chloride triacetate yield mainly §8-D-glucose pentaacetate (6) 
and 2-0-trichloroacetyl-a-b-glucose tetraacetate (7) respectively, on reaction 
with silver acetate in acetic acid. The results comprise direct evidence in 
support of the contention (4) that participation of the C2-acetoxy group 
provides an important driving force for dissociation of a 8-C1-substituent. The 
fact that 2-O-trichloroacetyl-8-D-glucopyranose tetraacetate underwent dis- 
sociation six times more rapidly than the a-anomer together with the previous 
observation (8) that 3,4,6-tri-O-acetyl-8-b-glucosyl chloride is more reactive 
than the a-anomer shows that the high reactivity of §-D-glucopyranose 
pentaacetate (4, 5) and §-D-acetochloroglucopyranose (6) as compared to 
their a-anomers is not entirely due to C2-acetoxy group participation. Lemieux 
and Huber (8) have suggested that the higher reactivity of a 6-compound may 
be related to the presence of cis C3- and C5-substituents. 


EXPERIMENTAL 


Methods 

_The samples were converted to barium carbonate for measurement of the 
radioactivities at ‘‘infinite thickness’’ in a windowless counter operating with 
helium-isobutane. Appropriate resolving-time and background corrections 
were made. Duplicate determinations did not differ by more than 3%. 

The polarimetric measurements were made using a 2 dm. polarimeter tube 
and precision polarimeter. The temperature was controlled within +0.1°C. 

The rates of reaction were measured as follows. The glucose derivative, 
2 mM., was dissolved in 8 ml. of 50 : 50 acetic acid — acetic anhydride in a 
20 ml. volumetric flask. Sulphuric acid, 1.026 gm. of 95.5% acid, 10 mM., was 
added to 8 ml. of the solvent mixture and the solution was cooled. The solu- 
tions, brought to 25°C., were mixed at zero time and the volume was adjusted 
to 20 ml. with solvent mixture. This could be done very rapidly by using 
syringes. The polarimetric rates were determined in the usual way (1)..In 
order to follow the rate of disappearance of radioactivity, 2 ml. samples were 
removed at various time intervals and plunged into 50 ml. of water. The 
product was isolated by extraction with chloroform. The chloroform extract 
was washed with bicarbonate solution, then with water and dried over sodium 
sulphate. The chloroform was removed in vacuo and the sample was dried over 
phosphorus pentoxide in high vacuum before analysis. 

In order to determine the radioactivities of both the 6- and a-forms in a 
reaction mixture to yield the data listed in Table II, the major component was 
isolated by crystallization and the minor component was isolated by chroma- 
tography of the combined mother liquors on Magnesol—Celite (5 : 1) according 
to the procedure of McNeely et a/. (12). The materials were recrystallized 
several times to achieve a very high degree of purity. 

The isotopic dilution analyses listed in Table I were carried out by adding a 
sufficiently large radioactive sample of the anomer to be estimated to a sample 
of reaction product to allow the substance to be isolated from the resultant 
mixture by fractional crystallization. The amount of the anomer in the 
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reaction mixture was calculated from the expression, 
% anomer = (100x/y) [(c;—¢;)/cy], 


when x gm. of radioactive anomer of c; c.p.m. was added to y gm. of reaction 
product to be analyzed and cy was the radioactivity in counts per minute of the 
pure anomer isolated from the mixture. 

The specific reaction rates listed in Tables I] and III were calculated from 
the polarimetric data using the integrated rate expression, 


katks = (2.303,/'t) log [(ao—ae)/(a;—ae)]. 


The rate of exchange, R, for a simple exchange reaction can be calculated 
from the relationship, 


where [A] is the concentration of the exchangeable group in one reactant (in 
the present case sugar acetate), [B] is the concentration of the exchangeable 
group in the other reactant (in the present case the acetic acid and acetic 
anhydride), and the fraction exchange at time ¢ is, 


F = (¢,—€9)/[(¢,,—€o)]. 


Co, Cp, and c, are the radioactivities of the sugar acetate at zero time, infinite 
time, and time ¢, respectively. In the present case, the dissociation of the sugar 
acetate undoubtedly controlled the rate of exchange. Therefore, the specific 
rate of exchange, k, can be calculated from the relationship, 

R [B]_ .1 


k= [Al = = [A]+[B] ; n(1—-F). 


Since [B] was great as compared to [A], the specific reaction rates listed in 
Table II were calculated from the expression, 


k = (2.303/t) log(¢o—c..)/[(¢:—¢..)], 


which is sufficiently accurate for the present purposes. Analysis showed the 
presence of 180 acetoxy groups in the environment per mole of glucose deriva- 
tive. Thus, the radioactivity at infinite time would be expected to be 1/181 
of the original radioactivity. In practice, the agreement with this value was 
very good (compare Tables II and V). 


Materials 

The radioactive acetate was labelled in the carboxyl group with carbon-14. 

C1-Acetoxy-labelled penta-O-acetyl-8-p-glucopyranose was prepared by 
treating acetobromoglucose with radioactive silver acetate in dry acetonitrile 
(5). The product was recrystallized from ethanol until pure. Radioactive penta- 
O-acetyl-a-p-glucopyranose was prepared by anomerization of the 8-anomer 
using stannic chloride in chloroform solution (5, 16). Purification was by 
recrystallization from ethanol. 
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The Cl-acetoxy-labelled chloro-compounds were prepared by acylating 
the Cl-acetoxy-labelled a- and 8-1,3,4,6-tetra-O-acetyl-D-glucoses under the 
conditions described in a previous publication (7). The compounds were 
recrystallized from ethanol until pure. The Cl-acetoxy-labelled glucose tetra- 
acetates were prepared as follows. A mixture of radioactive silver acetate, 
1.7 gm., 3,4,6-tri-O-acetyl-a-pD-glucosyl chloride, 3.24 gm., and 75 ml. of dry 
ether which contained one drop of acetic acid was shaken for 12 hr. at room 
temperature. The silver salts were removed by filtration. Evaporation gave 
3.1 gm. of product, m.p. 131-—135°C. Pure 1,3,4,6-tetra-O-acetyl-8-p-gluco- 
pyranose, m.p. 137-138°, was obtained after two recrystallizations from 
ethanol. The 1,3,4,6-tetra-O-acetyl-a-D-glucose was prepared in the same 
manner starting from 3,4,6-tri-O-acetyl-8-D-glucosyl chloride except that the 
reaction time was extended to 24 hr. and purification was achieved by crystal- 
lization from ether — petroleum ether. 
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THE ACETOLYSES OF THE ALPHA AND BETA METHYL 
p-GLUCOPYRANOSIDE TETRAACETATES' 


By R. U. Lemievux,? W. P. Saytux, AND G. HUBER? 


ABSTRACT 


The acetolyses of the alpha and beta methyl p-glucopyranoside tetraacetates 
in 1 : 1 acetic acid — acetic anhydride 0.5 M with respect to sulphuric acid were 
followed at 25°C. by isotopic dilution analysis of products isolated after various 
intervals of time. The reaction of the a-glucoside was found to proceed mainly 
with inversion of the anomeric center. On the other hand, the 8-glucoside was 
found to undergo acetolysis with retention of configuration concurrent with 
saineion. Te was shown that the polarimetric changes observed in the 
course of the reactions could be satisfactorily accounted for on the basis of these 
reaction routes. Reaction mechanisms are suggested. 


Montgomery ef a/. (15) investigated the use of either sulphuric acid or zinc 
chloride in acetic acid — acetic anhydride as a reagent for the acetolysis of 
glycosides. It was shown that in many cases the glycoside was converted to a 
mixture of the anomeric sugar acetates in high yield and the procedure has 
been widely used for the cleavage of acetal bonds in carbohydrate chemistry. 
Studies on the acetolysis of the anomeric methyl D-arabinopyranoside tri- 
acetates showed these reactions to be highly complex (15). A solution at 20°C. 
of methyl a-p-arabinopyranoside triacetate in a mixture of 4% sulphuric acid 
in 7:3 acetic anhydride - acetic acid changed sharply in specific rotation 
from —19° to —114° in one minute and declined to an equilibrium value of 
— 25° at the end of 20 min. The hexaacetate of aldehydo-p-arabinose and 
8-D-arabinopyranose tetraacetate were isolated in yields of 50% and 12%, 
respectively, from the product. However, when the experiment was inter- 
rupted at the rotation peak of —114°, a 14% yield of methyl 8-p-arabino- 
pyranoside triacetate was obtained. Thus, it was apparent that the rapid 
initial rise in rotation was due to the anomerization of the a-anomer to the 
more stable 8-form. This possibility was strengthened by the observation 
that methyl 8-p-arabinopyranoside triacetate under the same conditions gave 
a solution which changed in specific rotation from —184° to a constant equi- 
librium value of —17° in three minutes. The hexaacetate and the 6-tetraacetate 
could be isolated in 56% and 11% yields, respectively, after 24 hr. The occur- 
rence of the hexaacetate in the reaction products suggested that the Cl to 
ring-oxygen bond may cleave in preference to the Cl to methoxyl group bond. 
This idea was substantiated by the acetolysis of the 8-arabinoside under the 
milder conditions of 0.16% sulphuric acid in 7 :3 acetic anhydride — acetic 
acid mixture. Both the anomeric forms of methyl hemiacetal pentaacetates 
(I) were isolated in good and approximately equal yields. It is to be noted that 
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the high levorotation which was achieved in the 
HC(OCH;)OAc 


AcOCH 
| 

HCOAc 

HCOAc 


| 
CH:OAc 
I 


case of the a-D-arabinoside indicates that the susceptibility to ring cleavage 
is a property of the 6-p-anomer. 

More recently, Lindberg (1, 2, 13) has obtained further evidence that the 
acetolysis of an unstable O-acetylated alkyl glycopyranoside is accompanied by 
anomerization. This was shown to be so for a variety of glucosides (13), galac- 
tosides (1), and a xyloside (2) when treated in 10 : 3 acetic anhydride mixture 
containing sulphuric acid. Lindberg (13) obtained evidence for the presence of 
peracetylated aldehydo-sugar in the product of these reactions. A theory for 
the mechanism of the anomerization was formulated (13) on the basis of the 
presence of these open-chain compounds in the products and the polarimetric 
rates observed. 

The present authors undertook to elaborate in detail the course of the 
acetolysis of both the a- and 8-methyl p-glucopyranoside tetraacetates with 
the hope that the results would provide a firmer basis for work in this complex 
field. The glucosides were subjected to acetolysis at 25°C. in 1 : 1 acetic acid — 
acetic anhydride mixture 0.5 M with sulphuric acid since these conditions 
were chosen by Bonner (3) in a thorough kinetic study of the anomerization 
of the glucopyranose pentaacetates. Furthermore, Bonner’s results were 
closely reproduced in this laboratory (9) in a study of the behavior of the 


glucopyranose pentaacetates and related compounds under conditions of . 


acetolysis and it was desirable that the results of this study be of use in the 
present work. 

First of all, it is of interest to note the polarimetric changes which occurred 
when the acetylated glucosides were subjected to the conditions for acetolysis. 
The results of typical runs are plotted in Fig. 1. Superficially, these results 
would appear to indicate that the two glucosides reacted at about equal rates, 
a result in complete disagreement with what could be expected on the basis of 
the rather great difference in reactivity noted for the glucopyranose penta- 
acetates under these conditions where 6-anomer was found to dissociate 80 
times more rapidly than the a-form (9). Thus, it was clear from the beginning 
that in all likelihood these polarimetric rates were complex apes which 
were not susceptible to simple interpretation. 

Methyl a-p-glucopyranoside tetraacetate was subjected to the. acetolysis 
and reaction products were isolated after a variety of intervals of time. The 
methoxyl contents of these samples were determined by the procedure of 
Hoffman and Wolfrom (5). Care had to be taken in the interpretation of these 
values since in view of the above described experiences of Montgomery et al. 
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Fic. 1. Polarimetric rates for the acetolysis of the alpha (curve 1) and befa (curve 2) methyl 
p-glucopyranoside tetraacetates in 1 : 1 acetic acid — acetic anhydride 0.5 M with respect to 
sulphuric acid at 25°C. 


(15) it was possible that these samples contained aldehydo-glucose methyl 
hemiacetal hexaacetate as well as methyl a-D-glucopyranoside tetraacetate. 
The following analytical method was designed to test for this possibility. The 
reaction products were saponified to liberate methanol from the acetylated 
hemiacetal group, and the methanol was removed from the reaction mixture by 
distillation for estimation by conversion to formaldehyde with potassium 
permanganate and determination of the formaldehyde by the chromotropic 
acid colorimetric method (4). The results are listed in Table I. The differences 


TABLE I 


ANALYSES OF REACTION PRODUCTS AND VELOCITY CONSTANTS FOR THE ACETOLYSIS OF METHYL 
a-D-GLUCOPYRANOSIDE TETRAACETATE 
0.5 M H2SO,, 1 : 1 AcxO - AcOH, 25°C. 











Time, % methoxyl, % methoxyl, C.” Cyt kst+ke, Re, 
min. total alk. labile min.~ min.~! 
0 8.56 0 1 0 ons ae 

10 7.94 0.04 0.921 0.006 0.0080 0.00062 
20 7.32 0.08 0.845 0.012 0.0074 0.00064 
30 6.85 0.14 0.78 0.021 0.0076 0.00078 
90 4.23 0.24 2. 0.036 0.0084 0.00056 
120 3.17 0.40 0.323 0.060 0.0094 0.00079 
300 0.98 0.69 — — —_ pon 
1440 0.56 pa _ oe se oon 





Average 0.0082 0.0007 
+0.0007 +0.00008 
ks = 0.0075 min. 





*Amount of methyl a-D-glucopyranoside tetraacetate in the product. 
tA mount of D-glucose — hemiacetal hexaacetate in the product. 
Determined by isotopic dilution analysis. 
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between these methoxyl values and the total methoxyl content could be 
attributed to the starting material methyl a-D-glucopyranoside tetraacetate 
since, even though the anomerization of the glucosides is probably reversible, 
the amount of methyl 8-p-glucopyranoside tetraacetate present at any time 
was undoubtedly negligible for the present purposes. This conclusion was 
substantiated by isotopic dilution analysis of the products isolated after 30 and 
90 min. reaction times for their methyl a-D-glucopyranoside tetraacetate 
contents. The results, listed in Table I, show a good agreement between the 
methyl a-D-glucopyranoside tetraacetate contents when determined in both 
ways. 

The reaction of methyl a-p-glucopyranoside tetraacetate (B) under the 
conditions for acetolysis could therefore be represented by the scheme 


Re ks 
= Geese FF ees 


wherein glucosidic cleavage yields a glucopyranose pentaacetate (C) with the 
velocity constant k; and ring cleavage yields the aldehydo-glucose methyl 
hemiacetal hexaacetate (E) with the velocity constant ks. On this basis, the 
fraction of B (Cg) in the product at any given time was 


{1] : Co — ete the) .. 


The rate of the appearance of E is expressed by 
dCz/dt a Cake a kee ett A 


and integration of this expression yields 


- Re -_ —(ks+ke) t 
[2] Cz = wee (l—e ). 


Using expression [1], the value for k3+%. could be calculated from the data in 
Table I and found to be 0.0082 min.—! (average value). Knowing k3+k. and 
values for Cg at a variety of times (see Table I), the value of kg could be 
calculated using expression [2]. Thus, as shown in Table I, the average values 
ks; = 0.0075 min.—! and ke = 0.0007 min.—! were obtained for the acetolysis of 
methyl a-D-glucopyranoside tetraacetate in 1 : 1 acetic acid — acetic anhydride 
mixture 0.5 M with respect to sulphuric acid at 25°C. 

It was now of interest to determine which of the anomeric D-glucopyranose 
pentaacetates was the first product of the main reaction path. A decision was 
reached by accounting for the polarimetric change which took place in the 
course of the reaction. For the reaction sequence 





ke hs ke 
Et——— B lla cage 
5 


where C and D are the two p-glucopyranose pentaacetates, the change in the 
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fraction of C (Cg) in the product with time is expressed by 
dCo/dt = Cu(ks+ke) — Caks— Cok t+ Coks. 


Since Cpks = ks(1—Ca—Cce—Czg), this expression can be converted to 
dCo/dt = Cak3— Coki tks —_ Caks— Coks— Cgks. 


Substitution of expressions [1] and [2] for Cg and Cg yields the following 
equation, 


dC./dt = (ks—ks)e ‘—Co (Ra ths) +hs— [Rske/ (Ratko) ](1 —¢ tated ~, 


Integration using the integrating factor exp f (k4+ks) dt and solving for the 
integration constant yields the following expression for the fraction of C at any 
given time: 














re k3—k, —(ketke) t —(ketks) t 
(3) Co Bis atad —s 
ks kat he) t Rske —(keth.) t 
Thtk aie I+ Gh) (Ra +ks) le q 
keke — (hatha) é_ —(ke the) t 
+Gth) Gtk kok) © ——s 


The value of Ce at any given time could be calculated using this expression 
since the four velocity constants were known. As was mentioned above, Bonner 
(3) has published velocity constants for the anomerization of the D-gluco- 
pyranose pentaacetates under the present conditions for acetolysis and the 
values were reproduced by Lemieux ef al. (9). The average values obtained by 
the latter workers, kg,2 = 0.0306 min.—! and kag = 0.0043 min.—!, were used 
in the present calculations. The amount of the other p-glucopyranose penta- 
acetate (Cp) was calculated by difference, 


Cp = 1—(Cpa+Ccot+Cz). 


Thus, the change in the composition of the reaction mixture could be calcul- 
ated on the basis that 8-p-glucopyranose pentaacetate was the first product 
(C) of the reaction in which case ky = kg,q and ks = ka4g or, on the other 
hand, on the basis that the a-pentaacetate was formed first and ky = ka, and 
ks = kes4a. The results of these calculations are plotted in Fig. 2. 

The contribution to the rotation of the reaction mixture at any given time 
made by the small amount of by-product E must have been small and, there- 
fore, the rotation of the reaction mixture (a,) was essentially completely due 
to the presence of the three other components (B, C, and E). Since at unit 
concentration (0.1 M) methyl a-p-glucopyranoside tetraacetate, 8-D-gluco- 
pyranose pentaacetate, and a-D-glucopyranose pentaacetate were found by 
extrapolation to possess rotations of +9.45°, +0.49°, and +8.76°, respectively, 
it could be expected that the rotation of the reaction mixture at any given time 
would be closely approximated by the expression 


a: = 9.45 X fraction of a-glucoside+0.49 X fraction of 6-pentaacetate 
+8.76 X fraction of a-pentaacetate. 
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Fic. 2. Calculated curves (using equations [1], [2], and [3], and data listed in Table I) and 
experimental points for the acetolysis of methyl a-D-glucopyranoside tetraacetate in 1:1 
acetic acid — acetic anhydride 0.5 M with respect to sulphuric acid at 25°C. Curves 3 and 4 
are the result of calculations based on the assumption that 8-D-glucopyranose pentaacetate 
is the first product of the reaction and curves 5 and 6 are the result rf calculations based on 
the assumption that a-D-glucopyranose pentaacetate is the first product. 

Curve 1—Methyl a-pD-glucopyranoside tetraacetate content. 
Curve 2—p-Glucose methyl! hemiacetal hexaacetate content. 
Curves 3 and 5—8-p-Glucopyranose pentaacetate content. 
Curves 4 and 6—a-pD-Glucopyranose pentaacetate content. 


TABLE II 


COMPARISON OF OBSERVED POLARIMETRIC RATE WITH CALCULATED VALUES FOR THE. ACETOLYSIS 
OF METHYL a-D-GLUCOPYRANOSIDE TETRAACETATE 
0.5 M sulphuric acid in 1 : 1 acetic acid — acetic anhydride at 25°C. 














Observed Calculated* Calculatedt 
t, min. 
a k, min.“ af k, min.“ a§ k, min. 
0 9.45 _— 
3.5 9.100 0.044 
4.5 9.025 0.048 9.45 9.45 — 
10 8.580 0.043 8.84 0.034 9.31 0.0081 
20 8.025 0.044 8.36 0.034 9.19 0.0079 
30 7.660 0.044 8.05 0.032 9.04 0.0077 
50 — -— 7.64 0.031 8.77 0.0077 
80 — “= 7.34 0.030 8.42 0.0078 
100 7.29 0.028 8.15 0.0085 
@ 7.02 a 7.08 — 7.88 = 





*Calculated on the basis that B-D-glucopyranose pentaacetate is the first reaction product. 
tCalculated on the basis that a-D-glucopyranose pentaacetate is the first reaction product 
{Calculated using the expression k = (2.303/t) log [(a0—ac) /(ao—az)]. 

§The rotation of the D-glucose methyl hemiacetal hexaacetate was neglected. 
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The results of calculations made on this basis are given in Table I]. Further- 
more, Table II contains the polarimetric velocity constants which can be 
calculated from these results. A comparison of the calculated polarimetric 
velocity constants with that observed shows that, while the results obtained 
on the basis that the 8-pentaacetate was the first product agree fairly well 
with those observed, the results of calculations based on the assumption that 
the a-anomer was formed first are in strong disagreement. Thus, it was clear 
that the acetolysis of methyl a-p-glucopyranoside tetraacetate proceeds mainly 
with inversion of the anomeric center to yield 8-D-glucopyranose pentaacetate. 
It is noteworthy in this respect that a-D-glucopyranose pentaacetate undergoes 
mercaptolysis (7) and acetolysis (9) with inversion of the anomeric center— 
a stereochemical route which has long been recognized for the reaction of 
acetylated a-D-glucopyranosy! halides under conditions for the Koenigs— 
Knorr type of reaction (6, 10, 16). 

The above information on the acetolysis of methyl a-p-glucopyranoside 
tetraacetate allowed the consideration of the more complex reaction of the 
B-anomer under the same reaction conditions. The reaction was followed by 
isolating samples of the reaction product after various intervals of time and 
determining the amounts of unreacted methyl §8-p-glucopyranoside tetra- 
acetate, methyl a-D-glucopyranoside tetraacetate, 8-D-glucopyranose penta- 
acetate, and a-D-glucopyranose pentaacetate in the material by isotopic 
dilution analysis. This was accomplished by adding weighed amounts of 
radioactive samples of these materials to a weighed sample of a reaction 
product, separating the four components by chromatography on Magnesol-— 
Celite (14), determining the radioactivity of the pure compounds thus isolated, 
and calculating the fraction of each substance in the reaction product using 
the expression 

fraction in reaction product = (x/y)[¢,;—c;)/cy] 
where x gm. of radioactive sample of c;c.p.m. was added to y gm. of reaction 
product and c, was the radioactivity in counts per minute of substance iso- 
lated. The results from these analyses are listed in Table III where the methoxyl 


TABLE III 


ANALYSES OF REACTION PRODUCTS FROM THE ACETOLYSIS OF METHYL 
8-D-GLUCOPYRANOSIDE TETRAACETATE 
0.5 M H:SO,, 1 : 1 AcxO-AcOH, 25°C 














Content of Glucoside content by Content of 
Time, 0 Amount of 
min. methoxyl B- a- methoxyl isotopic b- a product 
(total) glucoside* glucoside* analysis dilution penta- penta- accounted 
A Ce analysis acetate* acetate* for* 
0 8.56 1.0 0.0 _— _ _ _ — 
4 8.30 0.828 0.151 0.969 0.979 0.040 0.010 29 
8 7.78 0.672 0.243 0.908 0.915 0.068 0.014 0.997 
12 7.27 0.523 0.343 0.849 0.866 0.088 0.027 0.981 
24 _ 0.238 _ —_ _ 0.126 0.050 
36 — 0.130 _ _ _ 0.129 0.129 
48 —_ 0.077 _ = — 0.121 0.243 
50.5 5.82 _ 0.592 0. —- 
102.5 4.44 _— -- 0.515 -_ 
200 2.36 -- _ 0.276 - 
300 1.46 — _ 0.170 _ 
420 _ _ _ —_ _ 0.116 0.819 0.935 





*By isotopic dilution analysis. 
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contents found for each of the reaction products are also given. First of all, it 
is to be noted that for the first part of the reaction the methyl D-glucopyrano- 
side tetraacetate contents expected from the methoxyl values were in good 
agreement with those found by isotopic dilution analysis. Secondly, it is to be 
noted that the analyses for the four components accounted very well for all 
of the reaction products. Therefore, it could be concluded that the a-glucoside 
and the two glucose pentaacetates were the only isolable reaction products 
formed in appreciable amounts and that the reaction could be represented by 
the following scheme wherein A, B, and C are the methyl 8-p-glucopyranoside 


tetraacetate, methyl 
ky 
A ere = 
NA 
B 


a-D-glucopyranoside tetraacetate, and D-glucopyranose pentaacetate, respec- 
tively. For this reaction scheme, 


[4] —dC,/dt = (ki+k2)Cy 
and therefore, 
[5] e. ie eo hatha) 


Knowing C, at a variety of times (Table II) and using equation [4], an average 
value for ki+k2 could be calculated (see Table III). The rate of change in the 
amount of B at any given time is expressed by 


dC,/dt = —(dC,/dt) —(dCo/dt) —(dCp/dt). 
Since dCc/dt = Cgak3+Coks— Cocks 
and dCp/dt = CakitCcks—Cpks, 
then dCy/dt = kexC,—k3Cg 


igs bee Ot". Cd, 


Integration using the integrating factor exp f k; dt and solving for the inte- 
gration constant yields 


_ a ae 
6} @- 7G" sitll 
The value for k; under the present reaction conditions was determined in the 
above described study of the acetolysis of methyl a-p-glucopyranoside tetra- 
acetate. Thus, k; and ki +k, being known, using equation [6] and the values for 
Cz given in Table III, values for k, could be calculated. The results of these 
calculations are given in Table IV. 
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TABLE IV 


VELOCITY CONSTANTS FOR THE ACETOLYSIS AND ANOMERIZATION OF 
METHYL 8-D-GLUCOPYRANOSIDE TETRAACETATE 
0.5 M H:SQ,, 1 : 1 AcxO — AcOH, 25°C. 











Time, min. kit+ks, min.—!* ke, min.“ f 

4 0.047 0.040 
8 0.050 0.038 

12 0.054 0.039 

24 0.058 _— 

36 0.057 — 

48 0.053 a 

50.5 _ 0.045 

Average 0.053+0.004 0.041+0.003 
k, = 0.012 min. 





*Calculated from the data in Table II and equation [6]. 
tCalculated from the data in Table II and equation [6}. 
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It was now of interest to attempt a decision on whether or not one of the 
anomeric D-glucopyranose pentaacetates was formed preferentially on the 
acetolysis of methyl 8-p-glucopvranoside tetraacetate. A decision was reached 
by showing that the reaction (scheme 1) which possesses 8-D-glucopyranose 
pentaacetate (C) as the first product of the reaction can account for the 
experimental data listed in Table III much more satisfactorily than that 
(scheme 2) which has a-D-glucopyranose pentaacetate as the initial product. 

Equations [5] and [6] which relate the amounts of the substances A and B, 
respectively, in the reaction product after a given reaction time apply to both 
the schemes 1 and 2. The rate of change of the fraction of compound C (Cg) 
in the reaction product for scheme 1 is given by the expression, 


dCo/dt = Cykit+Cpkst+Coks—Coku. 


Since 

[7] Cp = 1—(Ca+Cpt+Ceo), 

Co _ nny atest ko(ks—ks)  ¢ —cesthedt het) _ 

i (ki—ks) € thet y (hb ks) le é*']— Raths) Co. 


Integration using the integrating factor exp f (ka +ks)dt and solving for the 
integration constant yields 





— ki ks —(kKitks)t —(ket+ks) t —(ketks) t 
SB) Co Frith) Sta Ma o- ] 


4 ko(ks—ks) (eee oe _ ete 4 
ks— (Ritke) L Ratkhs— (ki the) i. 








For scheme 2, the rate of change of the fraction of compound C (Cg) in the 
reaction product with time is expressed by 


dCo/dt = Cyks+Cpks— Cocks. 


Integration of this expression after the appropriate substitutions have been 
made in the general manner outlined above for scheme 1 yields the following 
equation: 

















ko(ks—ks) (— —(ketks)t ere — go tothe) | 
[9] Co= k3—(Ritke) L Raths—(Ritkhe)  Raths— 
ks rs —(ketks)t — ks —(kitks) i —~(ketks) t 
Ratks y katkhs— (kitke) le ° l 


Thus, for scheme 1, the composition of the reaction product after any given 
time could be calculated using equations [5], [6], [7], and [8] and the same could 
be done for scheme 2 by employing equations [5], [6], [7], and [9]. The results 
of these calculations are plotted in Fig. 3 as are the experimental values given 
in Table III. It is seen that scheme 1 closely describes the reaction while scheme 
2 does not. Therefore, it is clear that under the conditions for acetolysis, methyl 
8-D-glucopyranoside undergoes glycosidic cleavage to a large extent with 
retention of configuration to yield 6-p-glucopyranose pentaacetate simultan- 
eously with anomerization. The data listed in Table V show that the polari- 
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Fic. 3. Calculated curves (using equations [5], [6], [8], and [9], and data listed in Table IV) 
and experimental points for the acetolysis of methyl 8-D-glucopyranoside tetraacetate in 1 : 1 
acetic acid — acetic anhydride 0.5 M with respect to sulphuric acid at 25°C. 

O—Methy!l 8-p-glucopyranoside tetraacetate content (curve 1—calculated). 

@—Methvl a-p-glucopyranoside tetraacetate content (curve 2—calculated). 

OQ —8-p-Glucopyranose pentaacetate content (curve 3—calculated on basis of scheme 1; 
curve 5—calculated on basis of scheme 2). 

@—a-p-Glucopyranose pentaacetate content (curve 4—calculated on basis of scheme 1; 
curve 6—calculated on basis of scheme 2). 


TABLE V 


COMPARISON OF OBSERVED POLARIMETRIC RATE WITH CALCULATED VALUES FOR 
THE ACETOLYSIS OF METHYL 8-D-GLUCOPYRANOSIDE TETRAACETATE 
0.5 M sulphuric acid in 1 : 1 acetic acid — acetic anhydride at 25°C. 




















Observed Calc. for scheme 1 Calc. for scheme 2 
t, min. acca 
a k, min.~'* a k, min.~'* a k, min.—'* 
0 —1.30° — —1.30° _ —1.30° — 
1 — —- —0.831 0.053 —0.749 0.063 
2 — — —0.394 0.053 —0.231 0.063 
5 +0. 82 0.060 +0.782 0.053 +1.125 0.063 
10 2:35 0.059 2.366 0.052 2.921 0.063 
20 4.31 0.058 4.610 0.053 5.329 0.066 
30 5.34 0.056 5.773 0.051 6.469 0. 
0 6.86 —- 7.743t a= 7.743t oo 





*Calculated using the expression k = (2.803/t) log [(ao—acw) /(at — ac)]. 
{The rotation for the equilibrium mixture of the a- and 8-D-glucopyranose pentaacetates. 


metric change expected on the basis of scheme | is in good agreement with that 
observed. It is also seen, however, that the polarimetric rate based on scheme 2 
is not greatly different from that based on scheme 1 and that therefore a definite 
decision on the reaction route would be achieved through polarimetric studies 
only with great difficulty. 
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In accordance with the mechanism proposed by Lemieux and Shyluk (12) 
for the anomerization of acetylated alkyl glycopyranosides, the behavior of 
methyl 8-pD-glucopyranoside tetraacetate (I1) would be accounted for as 
follows. Under the influence of the acid catalyst (A), the transition state III 
is achieved. It is deemed necessary to postulate the participation of the C2- 
acetoxy group in the loosening of the C1 to methoxyl group bond in view of the 
strong activation this participation appears to provide to the reaction (7, 8). 
Also, it would otherwise be difficult to rationalize the apparent high degree of 
anomerization which occurs when methyl a-D-arabinopyranoside triacetate 


ae A O— 
- | 
a camnncnncenip CH,O...C:::0. 
, ">C—CH 
HCOAc » ee, ? 
| 
i iI 
Vv 
a A 
:(-) O— 
- HCOW CH,O- - -:| (4) 
| (4}c—cH; ’ CH 
Heo | 
l HCOAc 
IV Vv 
. . 
—_ HCOCH; 
A 
HCOAc HCOAc 
| 
“VI VIL 


is subjected to acetolysis with the high lability of the ring structure as displayed 
by the 8-anomer (15). Winstein and Heck (17) have shown that the 1,2-cyclic 
carbonium ion derived from participation of an acetoxy group shows little 
tendency for participation in an ion-pair. Consequently, it is conceivable 
that the transition state III can readily lead to the ion-pair V (12). The col- 
lapse of the ion-pair could then result in the formation of the a-glucoside (VII). 
In the event that the collision leading to the transition state III brought about 
separation of the ions, the 1,2-cyclic ion (IV) would result—an ion which 
is known to lead to §-D-glucopyranose pentaacetate as is required by the 
experimental data. 
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The acetolysis of methyl a-b-glucopyranoside tetraacetate with inversion 
of the anomeric center could, of course, be rationalized as a reversal of the 
above process. That is, the reaction would take place by VII ———> V ———> 
ao) iy > VI. However, in view of the fact that evidence exists 
that 3,4,6-tri-O-acetyl-a-D-glucopyranosy! chloride appears to undergo solvol- 
ysis in acetic acid with a preponderance of inversion at the anomeric center 
(11) it is conceivable that the acetolysis of methyl a-p-glucopyranoside tetra- 
acetate proceeds mainly by dissociation to a carbonium ion which possesses a 
strong tendency to form $-D-glucopyranose pentaacetate on interaction with 
the environment. 

In conclusion, it is of interest to consider the implication of these results on 
the procedure used by Lindberg in his studies on the mechanism of the ano- 
merization of acetylated alkyl glycopyranosides (1, 2, 13). First of all, the 
significance attached by Lindberg to the velocity constants which were cal- 
culated from polarimetric data only is questionable. The fact that the polari- 
metric change which accompanies a complex reaction is not readily amenable 
to interpretation is well illustrated by the data obtained for the acetolysis of 
methyl! a-D-glucopyranoside tetraacetate. Inspection of Fig. 1 might lead one 
to believe that the reaction was essentially over in 90 min. The fact was, 
however, that the reaction was only 53.5% complete at this time. Thus, the 
common practice of following a carbohydrate reaction polarimetrically to the 
first point of inflection would in this case have led to nearly the worst possible 
mixture of starting material and reaction products. The course of the polari- 
metric change in the acetolysis of acetylated alkyl 8-glucopyranosides is 
obviously determined by a wide variety of factors such as the relative rates of 
acetolysis and anomerization of the 6-glucoside, the relative rates of glycosidic 
cleavage and ring cleavage for the a-glucoside, the relative rates of glycosidic 
cleavage, the stereochemical routes of the glucosidic cleavages which need not 
be the same for all glucosides and the relative rotatory powers of all the 
reaction products formed. Secondly, Lindberg attached considerable impor- 
tance to presence of peracetylated a/dehydo-sugars in the reaction products. 
It is to be noted in this respect that the present data indicate the formation 
of these products to be the result of a property of the more stable 1,2-cis- 
glycoside, a conclusion which is in accordance with the above mentioned 
experimental results obtained by Montgomery et a/. (15) on the acetolysis of 
the methyl pb-arabinopyranoside triacetates. This is reasonable since the 
acetolysis of the ring must be expected to be more important in the case of the 
acetylated 1,2-cis-glucosides where anchimeric assistance for glucosidic 
cleavage through participation of the C2-acetoxy group is not possible. The 
following deductions are of interest in this respect. The cleavage of the Cl to 
methoxyl group bond of a methyl D-glucopyranoside tetraacetate may occur 
either before or after the pyranose ring has undergone acetolysis. If the fission 
occurred before the ring was opened the product should be a D-glucopyranose 
pentaacetate; if afterward, the product can be expected to be aldehydo-p- 
glucose heptaacetate. Bonner (3) has shown the pyranose ring of the glucose 
pentaacetates to be stable under conditions for acetolysis and Lindberg’s 
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experiments (13) indicate the same stability for the heptaacetate. Therefore, 
the identification by Lindberg (13) of only about 8% heptaacetate in the 
product from the acetolysis of methyl a-D-glucopyranoside tetraacetate 
suggests that for this compound the preferred reaction route was direct aceto- 
lysis of the Cl to methoxyl group bond. The Cl to acetoxy group bond of 
B-D-glucopyranose pentaacetate has been shown to be highly susceptible to 
dissociation as compared to the corresponding bond in the a-anomer (7, 8). It 
would therefore be surprising indeed if conditions which readily cleave the C1 
to methoxyl group bond of methyl a-p-glucopyranoside tetraacetate would 
not dissociate much more readily the corresponding bond in the 8-anomer as is 
suggested by Lindberg’s arguments in support of his theory for the mechanism 
of the anomerization of acetylated glycopyranosides. 


EXPERIMENTAL 


The techniques used in carrying out the reaction and isolating samples after 
the various reaction times were the same as previously reported (9). In order 
to remove the chloroform, the material was twice dried in vacuo from solution 
in benzene before drying in a high vacuum first for several days at room tem- 
perature and then for several hours at 60°C. ; 

The methods used to prepare the radioactive compounds have already been 
described (8, 12). The isotopic dilution analyses were carried out by adding 
weighed amounts, about 10 mgm., of the radioactive compounds to a weighed 
sample of the reaction product before chromatographic separation, purifying 
the compounds from the chromatogram by several recrystallizations, and then 
determining the radioactivities of the pure compound as was described in a 
previous communication (9). The amount of the reaction product used de- 
pended on the amount of the material to be analyzed which was present in the 
sample. Usually, about one gram of reaction product was used. The mixture 
was applied to the top of a column of Magnesol—Celite (5 : 1) 120 gm., 50 mm. 
in diameter, and the chromatogram was developed with 1500 ml. of benzene- 
ethanol (250:1) (14). The methyl 8-p-glucopyranoside tetraacetate was 
found about one third of the way down the column and the remainder of the 
compounds were in the bottom quarter of the column. The a-D-glucopyranose 
pentaacetate occurred first and was well separated from the methyl a-p- 
glucopyranose tetraacetate which occurred next. The latter compound was not, 
however, well separated from the 8-D-glucopyranose pentaacetate and was 
usually obtained by crystallization from the mother liquors from the isolation 
of the B-pentaacetate. — 

The contents of alkali-labile methoxyl groups listed in Table I were deter- 
mined as follows. The sample, about 100 mgm., was dissolved in 1 ml. of di- 
ethylene glycol. Two milliliters of N sodium hydroxide solution was added and 
the solution was left at room temperature for one hour. The solution was then 
washed into a standard micro-Kjeldahl distillation apparatus for distillation 
in the usual manner. The distillate was collected in a 10 ml. volumetric flask 
kept in ice water. After about 9 ml. of distillate was collected, the solution was 
diluted to 10 ml. and the methanol in 1-ml. aliquots was determined by the 
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procedure described by Boos (4). A standard curve was set up by treating 
solutions which contained known amounts of methanol in the same manner. 
The results were reproducible within + 5% 
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NOTE 





SUBUNITS IN THE MOLECULE OF BOVINE PLASMA ALBUMIN! 


By MANFRED E. REICHMANN? AND J. Ross COLVIN 


Oxidation of intramolecular disulphide bridges in proteins, followed by 
determination of the molecular weight of the products, has been shown to be a 
valid method of investigating subunit structure in these substances. Sanger 
has shown (8) that such oxidation, if carried out at room temperature and for a 
short period only, irreversibly separates the molecule of insulin into component 
chains by oxidizing the cystine residues to cysteic acid, without attacking the 
primary polypeptide backbone. Anfinsen and co-workers (1) have confirmed 
the applicability of the method by their studies on ribonuclease. We wish to 
give a preliminary report of the results of an application of the same technique 
to bovine plasma albumin (B.P.A.). 

After 20 min. oxidation of crystalline B.P.A. (Armour and Co.) by performic 
acid at room temperature, followed by hydrolysis, the cystine and cysteine 
spots disappeared from the chromatogram of the hydrolyzate (9). Repeated 
determinations of free a amino groups with Sanger’s reagent (5, 7) showed that 
no @ amino groups in other than aspartic acid residues could be detected in 
either native or oxidized B.P.A. These observations confirm those of Van 
Vunakis and Brand (10) and indicate that no significant hydrolysis of a peptide 
bond occurred during oxidation. 

The weight average molecular weight of three preparations of oxidized 
B.P.A. at pH 7.4 in 0.2 M sodium chloride and 0.08 M borate buffer was 
determined by previously described light-scattering techniques (6) as 
32,000+ 2000. Under the same conditions, native B.P.A. gave a molecular 
weight of 77,000 in good agreement with previous results reported by Edsall 
et al. (3). Osmotic pressure measurements in the same buffer gave a number 
average molecular weight of 30,000 for oxidized B.P.A. and 66,000 for native 
B.P.A., the latter estimate being the same as that recently published by 
Gutfreund (4). 

The difference between the molecular weights obtained by light-scattering 
and osmotic pressure data has usually been attributed to the presence of a 
small fraction of high molecular weight material in the samples (3). We have 
detected this fraction in our samples of native B.P.A. by sedimentation in the 
ultracentrifuge but have been unable to find evidence for it in the oxidized 
material. During our preparations of oxidized B.P.A., this small fraction of 
high molecular weight therefore seems to have been lost, and its disappearance 
accounts adequately for the otherwise surprising agreement between the 
light-scattering molecular weight of oxidized B.P.A. and that obtained by 
osmotic pressure. 


lIssued as N.R.C. No. 8449. 
2 National Research Council of Canada Postdoctorate Fellow, 1953-54. 
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In contrast to previous suggestions of a single polypeptide chain for B.P.A. 
(2) these results demonstrate that the molecule is made up of at least two sub- 
units (chains) which seem to be held together by —S—S— cross-links. The 
component parts are not dissociable, however, by variation of the pH of the 
solution (6). Full details of this work will be reported later in this journal. 
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Notes to Contributors 


Manuscripts 

(i) General. Manuscripts should be typewritten, double spaced, on paper 
8} X11 in. The original and one copy are to be submitted. Tables and captions 
for the figures should be placed at the end of the manuscript. Every sheet of the 
manuscript should be numbered. 

Style, arrangement, spelling, and abbreviations should conform to the usage of 
this journal. Names of all simple compounds, rather than their formulas, should be 
used in the text. Greek letters or unusual signs should be written plainly or explained 
by marginal notes. Superscripts and subscripts must be legible and carefully placed. 

Manuscripts should be carefully checked before they are submitted; authors will 
be charged for changes made in the proof that are considered excessive. 

(ii) Abstract. An abstract of not more than about 200 words, indicating the 
scope of the work and the principal findings, is required, except in Notes. 

(iii) References. References should be listed alphabetically by authors’ 
names, numbered, and typed after the text. The form of the citations should be 
that used in this journal; in references to papers in periodicals, titles should not 
be given and only initial page numbers are required. All citations should be checked 
with the original articles and each one referred to in the text by the key number. 

(iv) Tables. Tables should be numbered in roman numerals and each table 
referred to in the text. Titles should always be given but should be brief; column 
headings should be brief and descriptive matter in the tables confined to a minimum. 
Vertical rules should be used only when they are essential. Numerous small tables 
should be avoided. 


Illustrations 
(i) General. All figures (including each figure of the plates) should be num- 


- bered consecutively from 1 up, in arabic numerals, and each figure referred to in the 


text. The author's name, title of the paper, and figure number should be written in 
the lower left corner of the sheets on which the illustrations appear. Captions should 
not be written on the illustrations (see Manuscripts (i)). 

(ii) Line Drawings. Drawings should be carefully made with India ink on 
white drawing paper, blue tracing linen, or co-ordinate paper ruled in blue only; 
any co-ordinate lines that are to appear in the reproduction should be ruled in black 
ink. Paper ruled in green, yellow, or red should not be used unless it is desired to 
have all the co-ordinate lines show. All lines should be of sufficient thickness to 
reproduce well. Decimal points, periods, and stippled dots should be solid black 
circles large enough to be reduced if necessary. Letters and numerals should be 
neatly made, — with a stencil (do NOT use typewriting) and be of such 
size that the smallest lettering will be not less than 1 mm. high when reproduced 
in a cut 3 in. wide. 

Many drawings are made too large; originals should not be more than 2 or 3 
times the size of the desired reproduction. In large drawings or groups of drawings 
the ratio of height to width should conform to that of a journal page but the height 
should be adjusted to make allowance for the caption. 

The original drawings and one set of clear copies (e.g. small photographs) 
are to be submitted. 

(iii) Photographs. Prints should be made on glossy paper, with strong con- 
trasts. They should be trimmed so that essential features only are shown and mounted 
carefully, with rubber cement, on white cardboard with no space or only a very small 
ye (less than 1 mm.) between them. In mounting, full use of the space available 
should be made (to reduce the number of cuts required) and the ratio of height 
to width should correspond to that of a journal page (42 X 7} in.); however, 
allowance must be made for the captions. Photographs or groups of photographs 
should not be more than 2 or 3 times the size of the desired reproduction. 

Photographs are to be submitted in duplicate; if they are to be reproduced 
in groups one set should be mounted, the duplicate set unmounted. 


Reprints 

A total of 50 reprints of each paper, without covers, are supplied free. Additional 
reprints, with or without covers, may be purchased. 

Charges for reprints are based on the number of printed pages, which may be 
calculated approximately by multiplying by 0.6 the number of manuscript pages 
(double-spaced typewritten sheets, 8} X 11 in.) and including the space occupied 
by illustrations. An additional charge is made for illustrations that appear as coated 
— The cost per page is given on the reprint requisition which accompanies the 
galley. 

Any reprints required in addition to those requested on the author’s reprint 
=o form must be ordered officially as soon as the paper has been accepted for 
publication. 
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